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SECTION  ’ 


EXECUTIVE  SUMMARY 


1 . 1 INTRODUCTION 

This  report  addresses  the  tasks  and  accomplishments  of  Science  Appli- 
cations, Inc,  in  contractually  assisting  the  U.  S-  Army's  development  of 
the  National  Training  Center  (NTC)  at  Fort  Irwin,  California,  through  NTC 
I-ALPHA  and  the  Phase  I ‘'ra'sitior.  ’iti'i"'ds.  SAI ' s parti cipati''^n  in  thi  s 
effort  began  in  1978  and  is  characterized  by  1)  the  successful  completion 
of  a detailed  baseline  analysis  of  the  NTC,  which  provided  the  program 
framework,  and  2)  the  subsequent  innovative  design,  application,  and 
demonstration  of  the  core  instrumentation  subsystem  (CIS)  to  enhance 
battalion-level,  combined-arms,  tactical  training.  In  terms  of  impact,  the 
NTC  technical  accomplishments  will  enhance  the  field  training  environment 
to  a point  where  near  combat  realism  will  be  achieved  in  force-on-force 
simulated  battles,  one-sided  live-fire  exercises,  and  brigade-level  command 
battle  simulations.  As  a result,  greatly  expanded  opportunities  for 
experiential  learning  and  for  objective  analysis  of  unit  performance  will 
become  available. 

Because  of  the  scope  and  duration  of  SAI  tasks,  a detailed  series  of 
special  technical  reports  has  been  submitted  separately  luyrng  the  course 
of  the  NTC  development  process.  A list  of  these  detailed  reports  is  pro- 
vided at  Appendix  B.  The  primary  purpose  of  this  report,  therefore,  is  to 
provide  a comprehensive  summary  of  SAI * s approach  to  required  tasks, 
accomplishments,  and  the  major  findings  and  conclusions  resulting  from  this 
effort.  A discussion  of  difficulties  encountered  and  SAI's  view  of  future 
NTC  tasks  is  also  provided. 


1 . 2 NTC  BACKGROUND 


1.2.1  The  Training  Need 

U.  S.  Army  readiness  to  carry  out  its  foreseeable  wartime  missions  is 
measured  in  terms  of  manpower,  materiel,  and  training.  Training  is 
critical  fc-  .tor  because  it  is  the  process  by  which  organized  manpower  and 
materiel  resources  are  merged  within  the  doctrinal  framework  to  attain 
essential  tactical  capabilities:  levels  of  effectiveness  and  performance 

that  can  spell  out  the  difference  between  success  or  failure  in  battle. 
Figure  1-1  shows  conceptually  the  payoff  of  realistic  training. 

1.2. 1.1  The  Training  Challenge 

The  training  challenge  has  become  increasingly  complex  as  advances  in 
air  and  ground  weapon  technology  change  the  tempo,  lethality,  and  spread 
the  battle  area.  To  prevail  in  combat.  Army  units  must  be  trained  in 
peacetime  to  operate  effectively  in  an  intense  and  dynamic  battle  environ- 
ment; one  that  demands,  more  than  ever,  rapid  tactical  assessments,  timely 
decisions,  and  the  skillful  employment  of  forces.  Similarly,  commanders 
must  learn  to  deal  confidently  with  an  array  cf  hostile  air  power;  elec- 
tronic, nuclear,  biological,  and  chemical  (NBC)  wa-fare  measures;  and  other 
sophisticated  threats.  In  the  course  of  such  training,  the  Army  must 
strive  to  eliminate  the  costly  mistakes  frequently  made  by  inexperienced 
soldiers  and  leaders  during  their  initial  exposure  to  rigorous  combat.  The 
battlefield  is  unforgiving,  and  mistakes  inevitably  lead  to  loss  of  lives, 
equipment,  and  battles.  As  General  Rogers,  former  Army  Chief  of  Staff,  has 
emphasized,  "the  worst  thing  that  can  happen  is  for  a soldier  and  a unit  to 
fi-.d  themselves  on  a battlefield  for  the  first  time  and  never  to  have  ex- 
perienced anything  like  it  before."  For  these  reasons,  realistic  collec- 
tive training  is  a central  Army  requirement;  a requirement  that,  if 
neglected,  threatens  losses  beyond  any  acceptable  limits. 
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1.2 .1.2  The  Train-Evaluate-Train  Model 

In  response  to  the  increased  training  challenge,  the  Army  instituted 
the  comprehensive  Army  Training  and  Evaluation  Program  (ARTEP),  a collec- 
tive training  pf ogram,  described  by  the  train-evaluate-train  model.  Since 
tactical  experience  is  fundamental  to  sound  combat  decisions,  field  train- 
ing under  the  ARTEP  program  is  intended  to  elicit,  as  closely  as  possible, 
the  same  tactical  planning  and  decision  challenges  as  those  expected  in 
combat.  Moreover,  it  is  recognized  that,  unless  this  is  accomplished  with 
high  fidelity,  both  what  is  learned  and  the  evaluation  process  that  directs 
future  remedial  training  suffer.  Similarly,  there  is  a keen  awareness  that 
the  means  of  evaluating  unit  performance  and  effectiveness  must  be  credible 
and  responsive. 

1.2. 1.3  Training  Constraints 

Nowhere  is  the  need  for  realistic  training  and  a credible  evaluation 
process  manifested  more  clearly  than  at  the  battalion  level.  As  the  basic 
combined-arms  building  block,  the  battalion  task  force  is  the  pivotal 
echelon  of  tactical  command  in  terms  of  its  role  in  fighting  the  land 
battle.  Battalion  commanders  and  their  operating  staff  m.ust  be  trained  to 
fit  their  forces  to  the  ground  and  skillfully  orchestrate  the  combat  power 
of  maneuver  forces,  artillery.  Army  aviation,  and  tactical  aircraft  to  de- 
feat the  enemy,  often  a numerically  superior  force.  Yet,  virtually  every- 
where it  is  stationed,  the  Army  has  found  itself  severely  constrained  in 
providing  the  full  range  of  resources  necessary  to  support  realistic 
battalion  task  force  training.  The  most  common  of  these  constraints  are: 

• The  lack  of  adequate  maneuver  area  for  two-sided  armor  and 
mechanized  exercises 

• The  lack  of  modern  live-fire  ranges  for  unit  tank  gunnery  and 
anti-tank  missile  training,  often  because  the  exceptionally 
large  safety  fans  required  exceed  available  acreage 

• The  proximity  of  civilian  communities  to  training  areas,  which 
limits  the  ability  of  units  to  employ  safely  electronic  war- 
fare, close  air  support,  laser  designators,  and  other  essen- 
tial tactical  systems 


• The  lack  of  dedicated  resources  to  portray  realistically  an 
opposing  force  and  to  provide  the  means  for  controlling  and 
evaluating  task-force-level  exercises. 

Looking  ahead  into  the  1980s,  the  Army  has  concluded  that  the  impact 
of  these  local  training  constraints  will  increase  in  relation  to  the 
training  need  as  newer  air  and  ground  weapon  systems,  now  under  develop- 
ment, are  delivered  to  tactical  units.  Included  in  this  category  are  the 
XM-1  tank,  the  advanced  attack  helicopter,  the  general  support  rocket 
system,  the  division  air  defense  gun,  and  the  infantry  fighting  vehicle; 
all  will  increase  the  squeeze  of  land  and  training  resources  at  local 
installations . 

Together,  the  growing  inadequacy  of  current  training  facilities,  and 
the  urgent  need  for  enhanced  realism  and  improved  means  of  evaluation,  have 
triggered  the  development  of  a National  Training  Center  concept,  a concept 
that  was  fonnally  set  forth  by  the  Secretary  of  the  Army  and  the  Chief  of 
Staff  in  their  1978  joint-posture  statement  to  Congress.  In  that  state- 
ment, the  Army  indicated  the  need  for  "one  or  more  National  Training 
Centers,  large  military  reservations  which  can  support  the  kind  of  combined 
arms  training  needed  to  ready  the  total  Army  for  battle  in  Europe." 

1.2.2  Program  Concept 

The  underlying  concept  of  the  NTC  at  Fort  Irwin  is  to  provide  a 
learning  environment  that  will  allow  the  Army  to  bridge  the  gap  betveen  the 
level  of  tactical  effectiveness  that  can  be  attained  by  units  at  the:ir  home 
stations  and  the  level  required  to  survive  and  win  in  combat.  Ficfure  1-2 
lists  the  key  elements  of  the  concept.  More  specifically,  a facility 
where:  1)  heavy  battalion  task  forces,  brigade  headquarters,  and  support- 

ing units  can  conduct  realistic  and  intensified  training  that  is  not 
possible  at  their  home  stations  because  of  increasing  resource  constraints 
or  the  prohibitive  cost  of  upgrading  local  training  areas;  2)  objective 
information  can  be  collected  and  analyzed  to  improve  doctrine,  tactical 
training  systems,  equipment,  and  tactical  procedures;  3)  detailed  feedback 

-J]l 
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To  train  a battalion  task  force  and  its  superior  brigade  and 
parallel  battalion  staffs  in  a realistic  surrogate  combat  en- 
vironment combining; 

• Large-scale  field  maneuver  and  firing  exercises  against  a 
realistic  OPFOR  including  electronic  warfare 

• Direct  fire  simulation  using  advanced  laser  weapon  en- 
gagement and  weapon  effects  cue  generation  techniques 

• Live-fire  exercises  against  coordinated  dynamic  target 
arrays  emulating  realistic  scenario  situations 

• Simulation  of  battle  context  using  advanced  real-time , 
two-sided,  free-play  command  battle  simulation  tech- 
niques . 


Figure  1-2.  NATIONAL  TRAINING  CENTER  CONCEPT 


can  be  provided  to  participating  units,  as  an  extension  of  the  ARTEP  pro- 
grams, for  use  in  directing  subsequent  home-station  training. 

The  NTC  is  conceived  as  a centralized  training  facility,  modeled  after 
the  successful  U.  S.  Air  Force  Red  Flag  Program  at  Nellis  Air  Base.  The 
Fort  Irwin  facility  will  serve  as  a focal  point  of  Army  combined  arms 
training,  a place  where  all  continental  United  States  (CONUS)  based  armor 
and  mechanized  battalions  will  periodically  deploy  to  "put  it  all  together" 
against  a highly  skilled  opposing  force  (OPFOR)  in  situations  closely 
approximating  actual  combat  and  against  a dyneimic  target  array  in  live-fire 
exercises . 

The  concept  further  envisions  the  unique  merging  and  application  of 
modern  instrumentation  technology  to  create  the  near-combat  environment  and 
enhance  the  evaluation  and  feedback  process. 


U.  S.  Army,  TRADOC,  in  its  subsequent  expansion  of  the  NTC  concept, 
identified  seven  significant  elements  to  be  stressed  in  the  development 


program. 


1 ) The  Battalion  Task  Force  (BTF)  — a combined  arms  team  with  a 
staff  and  a critical  task  of  planning,  coordinating,  con- 
trolling, and  supporting  combat  power  on  the  battlefield. 

2)  The  Opposing  Force — a dedicated  unit,  sized  and  equipped  to 
operate  against  the  BTF  in  realistic  numbers,  using  Soviet 
tactics  and  signatures  and  operating  as  part  of  the  control 
force  to  ensure  proper  balance  in  combat  operations. 

3)  Electronic  Warfare  (EW)  — the  use  of  jammers  against  U.  S. 
communications  and  electromagnetic  devices  in  a manner 
expected  of  the  Soviets  in  Europe. 

4)  Close  Air  Support  (CAS)  — the  opportunity  to  plan  and  exe- 
cute joint  air-ground  operations. 

5)  Live  Fire  (LF)  — an  imaginative  use  of  dynamic,  instrumented 
targets  to  provide  a realistic  threat,  both  offensively  and 
defensively,  to  the  BTF  xinder  conditions  that  permit  the  BTF 
to  coordinate  and  control  live  fires. 

6)  Weapon  Engage- ent  Simulation  (WES)  — the  use  of  lasers  and 
computers  to  simulate  fires  on  the  battlefield,  including  a 
realistic  and  understandable  assessment  of  casualties. 

7)  Instrumentation  — - the  use  of  sensors,  computers,  and  data 
communications  to  tie  together  the  whole  NTC  activity  and  to 
capture  that  activity  in  a manner  which  permits  effective 
training  feedback  and  assessment. 


1.2.3  Mission  Requirements 

The  NTC  development  program  is  both  comprehensive  and  sophisticated  in 
terms  of  its  scope  and  the  number  of  different  technical  disciplines 
required.  The  instrumentation  systems  in  particular  must  address  func- 
tional and  performance  requireme'  panning  the  full  spectrum  of  opera- 
tional situations.  Accordingly,  tical  NTC  mission  requirements  are: 


• Real-time  monitoring  and  coordination  of  combined  large-unit 
(BTF)  field  maneuver  and  command  post  brigade  (BDE)  exercises. 
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• A dynamic  live-fire  exercise  with  realistic  portrayal  of  enemy 
target  arrays  and  real-time  scoring. 

• Provision  for  combat  realism  while  maintaining  non— intrusive 
positive  control  to  assure  safety  and  adherence  to  the  rules 
of  engagement. 

• Real-time  interactive  coordination  and  control  of  a realistic 
opposing  force  as  a means  to  create  the  desired  training 
stimulus  and  environment  to  assure  that  overall  training 
objectives  are  met. 

• Near  real-time  planning,  synthesis,  and  execution  of  after- 
action reviews  (AAR)  at  various  command  echelons  using  a 
multimedia  presentation  of  training  feedback  data  including 
audio,  video,  and  digital  displays. 

• A 24-hour  per  day,  7-day  per  week  training  schedule  capable  of 
exercising  BTFs  during  2 weeks  of  intensive  training. 

• An  ability  to  provide  an  effective  test  bed  for  the  training 
developments  and  combat  developments  communities  while  not 
interfering  with  the  primary  training  mission  of  the  NTC. 

• Management  of  NTC  electromagnetic  emissions  to  avoid  inter- 
ference with  NASA  Goldstone,  U.  S.  Army,  and  U.  S.  Air  Force 
operations . 

• Provision  of  take-home  training  feedback  packages  to  drive  and 
enhance  remedial  training  at  home  station  to  correct  defici- 
encies noted  at  the  NTC. 

Each  of  these  critical  mission  requirements  are  specified  in  detail  in 
the  NTC  Development  Plan  published  by  HQ,  U.  S.  Army  TR7H50C,  3 April  1979. 

1.3  PROGRAM  OBJECTIVE 

The  broad  objective  of  the  overall  NTC  program  is  to  establish  an 
early  operational  capability  at  Fort  Irwin,  California,  for  battalion  task 
force  training  under  conditions  that  minimize  technical,  schedule,  anc  cost 
risks. 

Based  upon  this  objective,  a phased  development  strategy  has  been 
established  as  discussed  in  the  section  which  follows. 


development  strategy  and  chronology 


1.4.1  Development  Strategy 

. w ^ a ohased  development  and  implementation 

The  NTC  program  is  based  on  a phaseo  oeve  p 

. 1 T The  strategy,  discussed  below,  stems  from 

strategy  shown  in  Figure  1-3.  The  srrauegy, 

the  OTC  Baseline  analysis  conducted  by  SAI  in  ,978  and  ,979  (see  Appen 

B,.  This  ccprebensive  analysis  established  the  conceptual  ° 

attain  an  early  operational  capability  while  also  identifying  t e nee 

. 1 hv  the  Defense  Advanced  Research  Pro:ects 

advanced  technology  development  by 

Agency.  The  analysis  included; 

• Synthesis  of  the  NTC  concept 

• • A arraivdis  of  NTC  functious  and  func- 

• Detailed  definition  and  analysis 

tional  interfaces 

. Assessments  of  available  technology  and  related  risks 

• Implementation  concepts 

• Program  roadmaps . 

rro«  these,  a two-phased  approach  was  established.  In  general  ter^s 
Phase  I focuses  on  attaining  an  initial  operational  capability  in  early  BV 
,982  using  off-the-shelf  instrumentation  technologies.  The  Phase  II  P an 
is  to  build  on  the  Phase  I experience  by  introducing  advanced  technologres 
particularly  those  that  will  permit  a fully  decentralised  positron  location 
system  and  enhanced  laser  engagement  simulators  for  all  tactical  weapon 

systems . 

pue  Xey  features  of  the  development  strategy  for  Instrumentation 

systems  are: 

. System  flexibility  to  accommodate  future  growth  and  applies- 
tions 

• Minimum  technical,  schedule,  and  cost  risks 

• Modular  design 
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• Parallel  development  of  baseline  capabilities 


• System  reliability,  availability,  and  maintainability. 


Within  this  development  strategy,  the  key  attributes  that  drove  the 
NTC  design  are  summarized  as  follows: 


• Large  unit  (BTF)  field  maneuver  and  command  post— exercise 
training  (simultaneous  coordination  of  ES  and  CBS) 

• Combat  realism  while  maintaining  safety  ( non-intrusive  posi- 
tive control ) 

• Production  training  schedule  (40+  BTFs  per  year) 

• Near-real-time  training  and  readiness  feedback  (after  action 
review  (AAR;  30  minutes  after  each  exercise  segment) 

• Support  force  readiness  assessment  combat  developments  without 
interfering  with  "production"  training  operations 

• Need  to  conduct  training  experimentation  and  to  integrate  new 
training  concepts  and  equipment  into  NTC  without  significant 
impact  on  training  schedule 

• Management  of  EM  spectrum' to  avoid  interference  with  Goldstone 

• Provide  take-home  remedial  training  package 


The  NTC  I-ALPHA  program  was  planned  and  conducted  as  one  of  a series  of 
major  developmental  steps  in  the  strategy  to  achieve  an  early  operational 
capability.  It  provided  the  first  opportunity  to  validate  the  instru- 
mentation concept  and  to  test  and  evaluate  selected  components  of  a proto- 
type Phase  I system  under  field  conditions  at  Fort  Irwin,  California. 


1*4.2  Development  Chronology 


The  chronology  of  the  NTC  development  process  and  related  SAI  tasks 
through  the  Phase  I transition  period  is  shown  in  Figure  1-4.  A further 
summary  of  SAI's  role  and  accomplishments  in  fulfilling  these  tasks  is 
provided  in  the  following  paragraph. 
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MAY  197B 
JULY  1978 
SEPT  EMBER  1978 

OCTGJER  197B 

FEBRUARY  1979 
MARCH  1979 

JULY  1979 
SEPTEMBER  1979 

SEPTEMBER  1979 

NOVEMBER  1979 
DECEMBER  1979 

DECEMBER  1979 

JANUARY  1980 
FEBRUARY  1980 

MARCH  1980 
APRIL-SEPT.  19B0 
OCT.19BO-MAY  1981 


INITIAL  PROPOSAL  TO  DARPA 

COMPETITIVE  MICOM  (DARPA)  CONTRACT  FOR  S100K 

NTC  CONCEPT  STUDY  PRESENTATION  TO 
DARPA/TRADOC 

S100K  ADD-ON  FOR  FURTHER  NTC  CONCEPT 
DEVELOPMENT 

SAl  CONCEPT  FOR  l-ALPHA  DEMONSTRATION 

$450K  ADD-ON  FOR  NTC  AND  1-ALPHA  CONCEPT 
DEVELOPMENT 

DRAFT  NTC  FUNCTIONAL  SPECIFICATIONS 

PRELIMINARY  CIS  SOFTVVARE  DESIGN  FOR 
1-ALPHA 

$300K  ADD-ON  FOR  l-ALPHA  DEMONSTRATION 
DEVELOPMENT 

INITIAL  CIS  SOFTWARE  DEMONSTRATION 

$1  .5M  ADD-ON  FOR  l-ALPHA  DEMONSTRATION 
CONDUCT 

CIS  HARDWARE  AND  SOFTWARE  INTEGRATION 
AT  SUNNYVALE 

CIS  INTEGRATION  AND  TEST  AT  Fi . IRWIN 

NTC  l-ALPHA  INSTRUMENTATION  INTEGRATION 
AT  FT.  IRWIN 

NTC  l-ALPHA  DEMONSTRATION  TO  ARMY 
REVISION  AND  DOCUMENTATION  FOR  l-ALPHA 
NTC  PHASE  1 TRANSITION  PLANNING 


Figure  1-4.  SAl  NTC  History 


1.5  SAI  ROLE  AND  ACCOMPLISHMENTS 


The  SAI  role  began  in  response  to  Army  Technical  Requirement  Number 
N094,  dated  20  June  1978,  and  continued  contractually  through  the  NTC 
I-ALPHA  demonstration  and  the  subsequent  Phase  I transition  period.  SAI, 
for  nearly  3 years,  has  had  a leading  role  working  for  and  with  DARPA  and 
the  U.  S.  Army  to  conceive,  design,  and  develop  the  NTC.  Because  of  the 
scope  and  duration  of  SAI  tasks,  the  following  outline  of  SAI ' s role  and 
accomplishments  is  provided.  Specific  technical  details  are  provided  in 
the  separate  reports  listed  by  title  in  Appendix  B. 


1.5.1  Support  Functions 

A.  Baseline  Support 

1)  Performed  top-down  functional  analysis  to  define  and 
validate  functional  requirements  and  to  synthesize  a 
functional  design  for  the  NTC 

% 

2)  Synthesized  the  NTC  operational  system  concept 

• Training  concept 

• Operational  concept 

3)  Performed  system  design  tradeoffs  to  assess  the  utility 
and  feasibility  of  using  off-the-shelf  software  and 
hardware 

4)  Developed  programmatic  roadmaps  for; 

• Phase  I System:  initial  operational  capability  (IOC) 

— FY  1982  (off-the-shelf) 

• Phase  II  System;  IOC  — FY  1986  (advanced  technology) 

5)  Supported  specification  of  NTC  hardware  system  require- 
ments and  design 
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NTC  I-ALPHA  Support 


1 ) Designed  prototype  CIS  system  configuration 

2 ) Designed  and  developed  demonstration  software 

3)  Defined  measures  of  effectiveness  (MOE),  measures  of  per- 
formance (MOP),  and  essential  elements  of  analysis  (EEA), 
and  test  scenarios 

4)  Trained  CIS  operational  personnel  for  company-level 
exercise 

5)  Modified  digital  map  preprocessor  for  NTC  application 

6)  Analyzed  and  developed  AAR  training  and  operational 
techniques 

7 ) Provided  on-site  training  and  technical  support  for  CIS 
operations 

NTC  I-ALPHA  Analysis  and  Revision 

1)  Refined  CIS  design  (hardware  and  software)  based  on  NTC 
I-ALPHA  experience 

2)  Designed  sc'^tware  requirement  traceability  module  for 
software  development  and  management 

3)  Developed  software  configuration  for  test  support  driver 

4)  Recommended  design  of  AAR  process 

5)  Developed  CIS  manning  recommendations  and  human  factors 
considerations 

Phase  I Transition  Program 

1 ) Provided  requirements  analysis  and  definition  needed  to 
support  Phase  I CIS  design  and  operational  training  plan 

2)  Developed  detailed  CIS  transitional  design  including 
hardware,  software,  facilities,  systems,  and  subsystem 
configurations 

3)  Provided  software  transitional  design  for  program  design 
review  (PDR),  including  expanded  interactive  display  and 
control  systems 

4)  Prepared  expanded  design  of  test  support  driver 

5)  Analyzed  requirements  for  software  development  facility 

6)  Prepared  operational  training  plan  and  requirements 
analysis  based  on  NTC  I-ALPHA  experience. 


1.5.2  Factors  Contributing  to  Success 


The  fact  that  SAI  successfully  completed  all  assigned  tasks  on  or 
ahead  of  schedule  and  within  costs  can  be  attributed  to  a number  of  factors 
categor..zed  below: 


• Management 

- An  in-depth  understanding  of  all  facets  of  the  NTC  mission 

A dedicated  and  stable  team  of  competent  and  innovative 
people 

Assignment  of  team  members  to  subsystems  in  a manner  which 
grouped  together  functionally  and  technically  compatible 
areas  to  minimize  interface  complexities 

- Corporate-wide  interest  and  support  for  the  NTC  program 

• Design  concept 

- Explicitly  accounting  for  risk  as  major  criteria  in  hard- 
ware and  software  design  tradeoff  analysis 

- Building  on  a design  concept  which  proved  feasible  and 
effective  in  the  NTC  I-ALPHA  demonstration 

- Use  of  commercial  off-the-shelf  hardware  and  standard 
hardware  interfaces  exclusively 

- Built-in  flexibility  to  accommodate  future  growth  of  CIS 
system 

- Use  of  state-of-the-art  programming  and  documentation 
standards  for  operational  software 

• Training 

Training  program  for  CIS  operators  that  was  sufficiently 
flexible  to  accommodate  anticipated  evolutionary  changes  in 
systems  operation 

A highly  qualified  and  dedicated  team  to  conduct  the  train- 
ing 

Swift  reaction  to  student  feedback. 


M 
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1.6  DIFFICULTIES  ENCOUNTERED 


Aside  from  the  problems  normally  associated  with  a development  program 
of  the  scope  and  complexity  of  the  NTC,  other  significant  difficulties  were 
encountered,  the  most  important  of  which  related  to  funding: 


• A "stop  and  start"  effect  threatened  program  continuity  and 
momentum 

• Key  personnel  were  retained,  at  a considerable  risk,  until 
funding  issues  were  resolvt-d 

• Another  related  difficulty  was  caused  by  the  requirement  to 
keep  costs  to  a minimum. 

• Coordination  and  management  difficulties  were  encountered 
during  the  NTC  I-ALPHA  program  because  of  the  co-equal  status 
of  participating  contractors,  SAI,  Ford  Aerospace  and  Communi- 
cations Corporation  (FACC),  and  General  Dynamics/Electronics 
(GDE) . 

• The  remote  location,  austere  environment,  and  climatology  of 
Fort  Irwin  were  a significant  challenge  to  the  ingenuity  and 
capabilities  of  all  concerned 

• There  was  a degree  of  program  risk  and  turbulence  affecting 
operator  training,  since  training  was  seriously  affected  by 
the  schedule  constraints 

• The  need  for  a definitive  set  of  MOE''  and  MOPs  has  not  been 
fully  satisfied. 

1.7  SUMMARY  OF  CONCLUSIONS 


1.7.1  Conclusions 


Realistic  combined-arms  training  is  a central  Army  requirement  . The 
comprehensive  NTC  development  program  represents  a major  commitment  by  the 
Army  to  satisfy  that  requirement.  Based  on  the  NTC  I-ALPHA  experience,  the 
NTC  offers  the  potential  to  raise  the  level  of  unit  tactical  effectiveness 
to  a point  never  before  achieved  in  peacetime.  Several  unique  attributes 
of  the  NTC  Support  this  conclusion  and  are  presented  as  follows: 


• Its  size  and  location  (away  from  civilian  communities) 


• Its  application  of  advanced  technology  devices  such  as  lasers, 
computers,  position  location  systems,  and  munition  simulators 

• Its  one-of-a-type  nature  also  will  permit  the  development  of 
sltillful  and  dedicated  opposing  forces 

• Its  computer  systems  will  capture  and  retain  data  that  can  be 
used  to: 

- Assess  training  effectiveness 

Assist  in  reviewing  doctrine  and  readiness 

- Aid  in  weapons  analyses  and  modeling 
Provide  follow-on  remedial  training 
Measure  the  degree  of  experiential  learning 

The  paragraphs  which  follow  summarize  the  major  conclusions  derived 
from  the  NTC  baseline  analyses,  the  NTC  I-ALPHA  program,  and  the  Phase  I 
transitional  period. 

1»7.2  NTC  Baseline  Analysis 

The  initial  NTC  baseline  analysis  conducted  by  SAI  was  an  essential 
step  in  establ’shing  a framework  for  an  early  operational  capability  of  the 
NTC  by  TRADOC.  SAI ' s detailed  functional  analysis,  carried  out  to  the 
fourth  level  of  detail,  defined  for  the  first  time  NTC  system  functions  and 
interfaces.  Moreover,  it  provided  the  first  comprehensive  specification  of 
functional  requirements,  which  with  only  minor  refinements,  has  proved 
valid  in  subsequent  development  stages. 

An  overview  of  this  analysis  is  provided  in  Figure  1-5.  In  this 
figure,  the  top-level  system  functions  are  listed  on  the  diagonal  in  the 
darkly  outlined  boxes  and  major  subfunctions  within  each  top-level  function 
are  listed  within  the  coresponding  diagonal  box  under  the  name  of  the  top- 
level  system  function.  Entries  in  off-diagonal  boxes  define  the  functional 
interactions  between  the  corresponding  two-system  functions  on  the  di- 
agonal. Specifically,  entries  in  off-diagonal  boxes  on  any  row  (either 
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Figure  1-5.  NTC  System  Level  Functional  Flow  Diagram 


right  or  left  of  the  diagonal)  are  outputs  from  the  corresponding  system 
function  on  thf?  diagonal.  Entries  in  any  column  (either  above  or  below  the 
diagonal)  are  inputs  to  the  corresponding  system  function  on  the  diagonal. 
Therefore,  entries  in  an  off-diagonal  box  formed  by  the  intersection  of  a 
row  and  column  from  functions  on  the  diagonal  define  the  functional  input/ 
output  relationship  between  the  corresponding  two  system  functions. 

The  concept,  developed  during  the  baseline  analyses,  of  using  off-the- 
shelf  technology  for  NTC  I-ALPHA  has  proven  sound  and  will  allow  the  Army 
to  attain  an  early  operational  capability  with  minimum  rislcs. 

1.7.3  NTC  I-ALPHA 

The  NTC  I-ALPHA  program  has  validated  SAI's  design  of  the  core  instru- 
mentation system.  Specifically,  the  program  successfully  accomplished  the 
following: 

• Demonstrated  a prototype  SAI  core  instrumentation  subsystem 

• Demonstrated  a distributed,  direct-fire,  real-time  casualty 
assessment  (RTCA),  engagement  simulation 

• Demonstrated  a method  of  indirect-fire  casualty  assessment 

• Demonstrated  the  interface  between  the  CIS  and  the  range 
measurement  system 

• Demonstrated  an  SAI  system  for  data  collection  that  can  be 
manipulated  to  display  selected  MOE/MOP  for  after-action 
reviews 

• Provided  valuable  experience  in  exercise  monitoring  and  con- 
trol (EMC)  and  traini.ng  analysis  and  feedbaclc  (TAF)  function- 
ing 

• Provided  valuable  experience  with  the  field  controller  struc- 
ture and  its  interface  with  the  core  instrumentation. 
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1.7.4  Phase  I Transition 

The  transitional  concept  of  dividing  the  NTC  instrumentation  system 
into  three  major  subsystems,  range  data  measurement,  oore  instrumentatio 
and  range  monitoring  and  control,  will  minimize  the  comp..exity 
systems  interfaces  during  Phase  I development. 

The  Phase  I transitional  design  provides  for  the  recovery  of  the 
software  developed  for  the  Army  during  the  NTC  I-ALPHA  program. 

SAI's  analysis  and  definition  of  requirements  to  support  Phase  I 
design  and  operator  training  incorporate  the  significant  lessons  learned 
from  the  NTC  I-ALPHA  program  and  provide  for  an  orderly,  evolutionary 

growth  of  NTC  capabilities. 


1 . 8 FUTURE  TASKS 

Looking  ahead,  the  most  salient  feature  of  the  NTC  will  be  its  evo- 
lutionary growth.  The  basic  objective  which  the  NTC  must  meet  is  to 
provide  a realistic  combat  environment  for  training.  This  means  that  no 
single  type  of  training  nor  any  specific  group  of  training  programs  will  be 
used  or  practiced  exclusively.  To  accomplish  its  purpose,  NTC  capabilities 
must  evolve  and  change  with  doctrine  and  techniques  of  warfare.  In  this 
process,  additional  elements  of  combat  must  be  incorporated  to  enhance  the 
training  environment.  Refinements  must  be  made  also  to  existing  instru- 
mentation. categorized  in  the  following  paragraphs  are  future  tasks  which 
SAI  believes  should  be  addressed  on  a priority  basis. 

1.8.1  Field  Artillery 


Indirect  fires  are  already  a part  of  NTC,  but  the  speed,  completeness, 
and  flexibility  of  their  implementation  need  to  be  improved.  A system 
should  be  considered  which  will  permit  automated  monitoring  of  the  field 
artillery  TACFIRE  system.  In  addition,  further  research  is  required 
develop  a suitable  method  for  marking  fires. 


F 


1.8.2  Close  Air  Support 

Use  of  tactical  aircraft,  both  fixed  wing  and  rotary  wing,  in  a close 
support  role  is  currently  within  the  state  of  the  art.  It  is  not  inex- 
pensive to  instrument  aircraft,  but  the  training  benefit  should  more  than 
offset  the  costs.  Realism  in  offensive  or  defensive  operations  will  be 
greatly  affected  by  the  presence  or  absence  of  close  air  support. 

1.8.3  Electronic  Warfare 


Intelligence  indicates  that  the  Soviets  have  given  major  attention  to 
electronic  warfare  and  that  U.  S.  forces  in  the  field  can  expect  to  be 
attacked  by  electronic  means.  EW  training,  in  both  an  offensive  and 
defensive  mode,  will  become  an  important  aspect  of  training  at  Fort  Irwin. 
The  means  of  EW  employment  should  be  examined  with  an  eye  toward  prompt 
application  to  the  NTC  program. 

1.8.4  Nuclear,  Biological,  Chemical 

Combat  in  the  European  theater  must  be  considered  to  involve  NBC.  The 
Warsaw  Pact  forces  train  seriously  in  both  offensive  and  defensive  NBC 
measures.  Inclusion  of  the  nuclear  and  chemical  facets  of  warfare  should 
be  introduced  relatively  early  in  the  next  phases  of  the  NTC.  The  bio- 
logical training  requirement  remains  undefined. 

1.8.5  Air  Defense 


Realistic  air  defense  training  should  be  introuuced  at  the  same  time 
close  air  support  is  introduced  into  the  NTC.  This  will  require  la.^er 


emitters  and  sensors  (or  other  suitable  means  of  realistic  engagement 
simulation)  on  aircraft  as  well  as  on  the  divisional  air  defense  weapons. 


1.8.6  Mine  Warfare 


Emplacement  and  breaching  of  mine  fields  is  planned  to  be  a part  of 
the  NTC  training.  Such  operations  are  currently  within  the  state  of  the 
art  and,  depending  on  how  training  is  tailored  for  each  unit,  should  be 
incorporated  into  scenarios.  Commanders  should  have  a "menu"  from  which 
they  will  be  able  to  designate  the  types  of  training  needed  by  their  units. 
Mine  warfare  should  be  included  on  this  menu. 

1.8.7  Post  Processing  Training  Analysis 

SAI  has  recommended  a computer  program  that  will  construct  a take-home 
instructional  package.  This  package  will  be  processed  in  an  off-line  mode 
following  termination  of  the  exercise  and  upon  completion  of  the  after- 
action review.  The  preparation  of  this  take-home  package  will  be  linked  to 
the  after-action  review  through  the  exercisje  simulation  history  file. 
Specific  MOE  and  MOP  combinations  that  can  be  supported  by  data  from  the 
exercise  simulation  history  file  and  that  answer  selected  essential  ele- 
ments of  analysis  will  be  processed  by  an  off-line  program. 


The  product  of  this  processing  will  be  a take-home  report  that  will  be 
directly  correlated  with  the  after-action  review  and  will  provide  a review 
package  of  salient  instructional  points  which  can  be  reviewed  (without 
special  equipment)  by  the  unit  at  home  station. 

Examples  of  the  formats  used  for  displaying  data  that  support  the  EEA 
are:  1)  graphs  and  charts,  2)  tables,  3)  lists,  4)  hard  copy  of  graphic 
overlays  for  a particular  map  area,  and  5)  critical  e\ ents  that  were 
controller  identified.  The  indicated  list  is  potentially  much  larger  and 
can  be  added  to  as  requirements  increase  and  the  configuration  of  the  take- 
home  package  becomes  clarified. 


J^l 
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1.8.8  NTC  Planninq  and  Schedulin 


Although  hard  requirements  have  not  been  specified  for  this  area,  the 


NTC  I-ALPHA  software  design  should  provide  significant  latitude  for  imple- 


mentation of  exercise  planning  and  scheduling  functions.  An  engagement 


simulation  (ES)  scheduling  function  will  have  an  equipment  and  vehicle 


maintenance  data  base.  The  format  and  record  specifications  lend  them- 
selves to  personnel  or  additional  equipment  being  added.  Quantitative 
supplies  (gas,  oil,  etc.)  will  also  be  maintained  in  an  operational  status 


data  base. 


The  statistical  displays  and  alphanumeric  terminals  will  be  provided 


to  support  maintenance  and  status  menu  processing.  A resource  management 


function  will  be  fully  supported  by  the  initial  suite  of  both  hardware  and 


support  software  (data  base  services,  menu  services,  etc.)  recommended  as 


part  of  the  IOC  configuration. 


1.8.9  Support  Software 


SAI  developed  a number  of  software  development,  maintenance,  and 


testing  tools  to  speed  and  simplify  the  prog?.'am  development  process.  A few 


of  the  software  support  modules  developed  by  SAI  are  described  as  follows: 


Requirements  Tracing  Module 


A requirements  tracing  module  has  been  designed  by  SAI  to 
automatically  map  software  requirements  from  high-level 
mission  requirements  through  system-  and  software-level 
requirements  to  the  actual  code. 


Librarian 


SAI  has  developed  an  automated  source  code  librarian  for  main- 
taining configuration  control  of  software  products.  The 
librarian  is  able  to  track  and  maintain  software  products 
through  various  versions  and  configurations,  allowing  the 
reconstruction  of  any  version  or  configuration  of  a progrcim 
automatically. 
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• Automatic  Test  Analysis  Tool 


SAI  has  prepared  several  automated  analysis  tools  for  the 
testing  of  software.  One  such  tool  provides  metrics  on  a 
number  of  key  software  attributes  (such  as  program  complexity) 
to  note  areas  requiring  the  most  extensive  testing. 


1*8.10  Mobile  Instrumentation 


As  a spin-off  of  the  NTC  development  programs,  SAI  believes  that  it  is 
feasible  to  develop  a mobile,  small-scale  version  of  NTC  instrxamentation 
that  could  be  used  to  enhance  small-unit  training.  Such  systems  could  be 
taken  to  locations  where  active  and  reserve  units  can  conveniently  train  at 
the  squad,  platoon,  and  company  levels.  Other  variations  of  this  concept 
could  be  aimed  at  improving  training  for  the  rapid  deployment  force  and  for 
specialized  training,  such  as  combat  in  cities,  air  landings,  and  river 
crossings . 

1.9  OVERVIEW  OF  REPORT 

The  following  sections  of  this  report  provide  a cdmprehensive  review 
of  SAI's  role  and  accomplishments  in  support  of  the  NTC  development  pro- 
cess, culminating  with  a detailed  requirements  analysis,  transitional  CIS 
design,  and  operational  training  plan  to  support  Phase  I development.  The 
objective  of  SAI's  tasks  was  to  assist  the  Army  achieve  an  early  NTC  opera- 
tional capability  with  minimum  technical,  schedule,  and  cost  risks.  This 
objective  has  been  achieved. 
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SECTION  2 

CONCEPT  DEVELOPMENT  AND  FUNCTIONAL  ANALYSIS  OF  NTC 

This  section  presents  an  oven/iew  of  SAI's  research  effort  conducted 
in  response  to  Technical  Requirement  Nxnnber  N094 , dated  10  June  1978,  and 
reported  to  DARPA  and  TRADOC  in  September  of  that  year.  Given  the  Army's 
urgent  training  requirements,  this  tasking  docviment  set  in  motion  a compre- 
hensive analysis  of  the  NTC  concept  and  functional  framework  as  an  essen- 
tial first  step  in  laying  the  foundations  for  all  subsequent  NTC  develop- 
ment planning. 

2.1  CONTRACT  OBJECTIVE 

The  specified  objective  of  this  research  effort  was  to  provide  a 
detailed  functional  analysis  of  the  NTC  to  support  both  DARPA  and  TRADOC  in 
their  planning  for  the  NTC.  Further,  the  analysis  was  intended  to  provide 
a framework  which  would  allow  TRADOC  to  achieve  an  early  operational 
capability  while  also  identifying  requirements  for  advanced  development  of 
needed  technologies  by  DARPA. 

2.2  SAI  APPROACH 

To  accomplish  the  above  objective,  the  analytical  approach  outlined 
below  was  followed. 


CONCEPT  SYNTHESIS 


FUNCTIONAL  ANALYSIS 


TECHNOLOGY  ASSESSMENT 


SYSTEM  DEFINITION 


PROGPAM  ROADMAPS 


(Selection  and  definition  of  pre- 
ferred concept) 

(Definition  and  specification  of 
functional  requirements) 

(Assessment  of  training  system  tech- 
nologies on  near-,  mid-,  and  long- 
term NTC  capabilities) 

(Selection  and  definition  of  pre- 
ferred systems  for  near-,  mid-,  and 
long-term  NTC  capabilities) 

(Development  of  two  time- phased 
program  schedules) 
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2.2.1  Concept  Formulation 

SAI ' s initial  effort  was  directed  toward  synthesizing  and  evaluating  a 
number  of  NTC  operational  systems  concepts.  Each  concept  was  evaluated  in 
terms  of  training,  operational,  and  technology  issues.  Both  centralized 
and  decentralized  instrumentation  concepts  were  examined,  taking  into 
account  the  various  operational  and  training  systems  that  were  currently 
available  or  would  be  available  in  the  1981-1985  time  frame.  SAI's  selec- 
tion of  a preferred  NTC  system  concept,  along  with  selection  rationale,  was 
approved  by  both  DARPA  and  TRADOC  in  1978  and  has  served  as  the  basis  for 
subsequent  NTC  program  development. 

Early  in  the  examination  of  the  NTC  concept,  SAI  identified  two  key 
demands  on  the  data  collection  systems  which  were  not  easily  meshed.  The 
first  was  the  requirement  to  acquire  and  process  i.;"  data  needed  to  satisfy 
a wide  variety  of  measures  of  effectiveness;  measures  which  could  be 
expected  to  change  periodically  as  experience  is  gained  in  NTC  operations. 
The  second  demand  was  for  a data  collection  system  that  wo\ild  have  long- 
term utility  and  stability  in  terms  of  not  req\iiring  costly  changes  or 
modifications  as  the  Army  progresses  through  its  developmental  activities, 
and  as  the  NTC  war  brought  to  full  maturity. 

Based  on  these  demands , SAI  proceeded  to  develop  the  conceptual 
framework  within  which  the  instrumentation  and  data  collection  systems 
could  be  built  in  a way  that  minimized  changes  over  time  and,  at  the  same 
time,  provided  the  dynamic  MOE  support  needed  by  the  training  analyst. 
System  flexibility,  therefore,  became  the  cornerstone  of  the  SAI  approach. 

2.2.2  Top-Down  Analysis 


Using  the  missions  and  basic  objectives  of  the  NTC  as  a starting  pxjint 
for  its  analysis,  SAI  expanded  the  conceptual  view  of  the  NTC  to  its  full 
potential  and  then  performed  a comprehensive  top>-down  analysis  of  each 
functional  component  (Figures  2-1  through  2-12).  The  analysis  synthesized 
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an  NTC  functional  design  concept,  defined  and  validated  functional  require- 
ments, and  provided  a structure  and  methodology  to  trade  functional  re- 
quirements upward  to  the  overall  NTC  mission,  goals,  and  objectives  and 
also  downward  to  instrumentation  and  training  concept  implementations  of 
the  requirements. 

The  top-down  functional  analysis  was  carried  to  the  fourth  level  and 
allowed  the  Army  to  examine  in  close  detail  the  major  component  parts  of 
the  overall  NTC  system.  ''or  example,  out  of  this  examination,  it  became 
apparent  that: 

• The  exercise  monitoring  and  control  function  plays  the  central 
role  within  the  system. 

• The  interface  between  EMC  and  other  major  functions  must  be 
carefully  dej.ined  to  ensure  essential  operational  capabili- 
ties . 

• There  must  be  a close  coupling  between  EMC,  the  command  battle 
simulation,  and  the  training  analysis  and  feedback  functions 
to  optimize  their  potential. 

• There  will  be  a large  volume  of  data  to  receive,  process, 
display,  and  analyze  during  the  course  of  the  NTC  exercises. 

• Instrumentation  systems  must  be  tailored  to  accommodate  posi- 
tion location  and  event  recording  requirements. 

The  functional  analysis  also  resulted  in  a systems  approach  to  the  NTC 
which  took  full  advantage  of  such  technical  capabilities  as  automated 
position  location,  use  of  lasers  for  direct-fire  interactions,  audio  and 
video  recording  of  activities,  computer  assisted  and  augmented  displays, 
and  automated  aids  for  training  analys’s.  Finally,  the  need  to  focus  the 
flow  of  data  and  to  integrate  key  functional  activities  led  to  the  core 
instrumentation  concept  which  is  now  central  to  the  development  program  and 
which  is  described  in  Section  3. 


Under  this  concept,  the  CIS  would  consist  of  two  major  functional 
components:  1)  exercise  management  and  control,  and  2)  training  analysis 
and  ieedback.  EMC  would  perform  the  function  of  directing  and  controlling 
all  field  operating  elements  and  also  monitor  and  record  key  combat  activi- 
ties. TAF  would  be  responsible  for  performing  all  analyses,  display,  and 
control  functions  necessary  for  the  preparation  of  after-action  reviews. 


2.2.3  Tradeoff  Analysis 


Based  on  the  above  functional  analysis,  £AI  performed  technology 
tradec'fs  to  assess  the  utility  and  feasibility  of  using  off-the-shelf 
hardware  and  software  to  implement  the  selected  system  concept.  SAI 
conducted  an  industry-wide  survey  of  candidate  instrumentation  solutions 
for  all  aspects  of  the  NTC  system.  Each  of  these  candidates  were  evaluated 
in  terms  of  meeting  NTC  requirements,  availability,  maturity,  flexibility 
(growth  potential),  and  cost.  Candidates  which  were  judged  acceptable  were 
defined  in  detail.  All  technology  shortfalls  (i.e.,  indirect-fire  simu- 
lations) were  identified. 


2.2.4  Development  Roadmaps 


Using  the  foregoing  an  a 3 , U/' 7 dcvel  'c'C  nuJ.  level  p.-ogra.  T.a.  i- 

roadmaps  for  both  an  ir  ..nial  NTC  i-rc-gram,  based  on  - ' U.  tenh-- 

nology,  and  an  a * nmced  NTC  program,  based  on  new  technolojy.  Each  of 
these  programmatic  roadmaps  provided  detailed  task  schedules,  milestones, 
decision  points,  and  the  resources  required  to  meet  programmatic  timing  and 
constraints.  These  programmatic  roadmaps  have  served  as  the  basis  for  the 
current  NTC  development  plan. 


SECTION  3 


CORE  INSTRUMENTATION  SUBSYSTEM  DEVELOPMENT 


3 . 1 DEVELOPMENT  REVIEW 


This  section  provides  a description  of  SAI's  core  instrumentation 
development  process  under  the  auspices  of  DARPA  and  TRADOC..  The  focus  is 
on  the  important  developmental  activities  conducted  by  SAI,  (culminating 
with  the  successful  completion  of  the  ’'/TC  I-ALPHA  program  at  Fort  Irwin.  A 
discussion  of  the  refined  CIS  design,  based  on  the  NTC  I-ALPHA  experience, 
is  provided  in  Section  8. 

SAI's  detailed  functional  analyses  of  the  NTC  and  its  objectives  led 
to  the  identification  of  an  initial  set  of  seven  real-time  functions,  which 
recjuired  an  integrated  technically  sophisticated  and  highly  automated 
instrumentation  system.  This  broad  recjuirement , in  turn,  led  to  the  core 
instrumentation  subsystem  concepts  discussed  below.  By  grouping  the  key 
NTC  functions  togethei:  under  the  core  concept , minicomputers , microcom- 
puters, and  storage  capabilities  could  be  grouped  to  tie  all  elements 
together.  As  a result,  gx'eater  efficiency  was  achieved  in  meeting  the  data 
collection  and  computational  needs  of  the  various  components  than  would 
have  been  possible  by  a decentralized  approach.  Moreover,  the  core  concept 
allowed  for  higher  system  availability  through  redundancy  and  prioritiza- 
tion, and  lower  costs  than  having  each  functional  subsystem  use  a dedicated 
computer  or  processor. 

3.1.1  Core  Instriimentation  oubsystem  Concept 

The  first-level  set  of  real-time  functions  which  followed  from  SAI's 
functional  analysis  of  the  NTC  concept  are  shown  graphically  in  Figure  3-1. 

From  a closer  examination  of  these  functions  and  their  interrelation- 
ships, Figure  3-2,  it  became  apparent  that  the  activity  and  data  flow 
within  each  area  could  be  efficiently  centralized  by  means  of  a highly 


automated  instrumentation  subsystem.  The  core  instrumentation  concept  was 
adopted,  therefore,  to  provide  an  integrated  data  collection,  display,  and 
computational  capability  tor  all  functional  activities.  Under  thj.s  con- 
cept, the  subsystem  would  consist  of  a matrix  of  state-of-the-art  mini- 
computers, graphic  displays,  and  interactive  software  and  would  be  orga- 
nized to  support  four  major  functions: 

1 ) Exercise  Monitoring  and  Control 

2)  Training  Analysis  and  Feedback 

3)  Command  Battle  Simulation 

4)  Force  Readiness  Assessment  (Develojsnental  Test  Bed) 

Each  of  the  above  functional  sections  within  the  CIS  would  have  similar 
hardware  and,  should  one  section  become  inoperable,  would  have  the  capa- 
bility to  shift  functions  between  sections.  Computer-driven  imagery  and 
graphics  would  provide  for  real-time  visualization  cf  battlefield  activi- 
ties, unit  performance  evaluation,  preparation  of  after-action  reviews,  and 
other  erjsential  analytical  tasks. 

The  develcrm^'nt  of  the  required  CIS  capabilities  was  planned  as  a 
graduated  and  controllable  series  of  design/develop/ demonstrate/evaluate 
cycles  leading  to  an  early  Phase  I operational  capability. 

3.1.2  Development  Objectives 

The  broad  objectives  of  the  CIS  development  effort  was  to  support  the 
NTC  training  and  evaluations  objectives  by  designing  a system  that: 

1 ) Minimizes  technical  schedule  and  cost  risk 

2)  Provides  growth  flexibility  to  allow  evolutionary  enhance- 
ments 

3)  Provides  redundancy  to  assure  required  system  availability 
and  graceful  performance  degradation 
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4)  IS  tailored  to  user  requirements  to  maximize  o,  erability 

5,  provides  for  low-cost  operation  and  main.  .t...ce  over  the 
entire  system  life  cycle. 

CIS  functional  and  performance  retirements  are  discussed  in  paragraph 

3.3.3  below. 

3.1.3  Technical  Approach 

a-  r.AT  followed  an  incremental  CIS 

In  the  course  of  this  contract,  SAI  has  toiiowe 

development  strategy  in  close  coordination  with  TPM>OC  to 

initial  and  refined  Army  requirements  were  met  and  that  tec  nc 

using  this  approach,  the  CIS  design 
programmatic  risks  were  identified.  Us  g .software 

.as  evolved  through  a series  of  hardware  confi^ations  and  software 

builds.  Each  build  was  tested,  demonstrated,  and  evaluated  to  guiae 

subsequent  builds.  In  addition  to  providing  rapid  and  meaningful  desi^ 

feedback,  this  approach  assured  an  early  limited  operational 

WTC  I-AI^HA  that  could  be  expanded  to  meet  subsequent  program  milestones 
leading  to  the  Phase  I IOC.  In  addition,  this  strategy  allowed  the  Army  to 
assess  four  basic  issues  related  to  NTC  I-ALPHA: 

1 ) What  should  be  collected  and  measured? 

2)  What  can  be  collected  and  measured  and  at  what  level? 

3)  What  are  the  methods  and  frequency  of  feedback  presentations? 

4)  What  will  the  evaluation  data  be  used  for? 

of  SAl's  technical  approach  to  the  CIS  design  and 
A detailed  discussion  of  SAI  s tecnnic 

in  the  reports  listed  under  CIS  design 
development  tasks  is  provided  in  the  repo 

Appendix  B. 
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3.1.4  Program  Management 


SAI's  functional  management  structure  for  the  NTC  program  is  shown  in 
Figure  3-3.  As  indicated,  SAI  assigned  subsystems  to  team  members  in  a 
mcinner  that  groups  functionally  and  technically  compatible  areas  together. 
As  a result,  interface  complexities  between  subsystems  were  minimized.  SAI 
has  employed  pro/en  formal  management  techniques  which  assure  a low-risk, 
high-quality,  core  instrumentation  subsystem  development  while  meeting 
budgetary  and  schedule  constraints.  Important  features  of  this  management 
approach  include: 


• A mcinagement  team  composed  of  experienced  personnel  with  a 
proper  balance  of  military  operations,  software,  and  a hard- 
ware systems  development  and  training  technology  expertise. 

• A project  office  reporting  to  senior  SAI  corporate  management 
to  assure  high-level  visibility  and  access  to  decision-making 
authority  to  ensure  successful  completion  of  the  project. 

• A carefully  structured  project  plan  with  clearly  defined 
objectives,  goals,  and  responsibilities  combined  with  compre- 
hensive contract  monitoring  procedures. 

• A detailed  proj^^ct  organization  with  work  package  responsi- 
bilities which  -sure  the  required  span  of  management  and 
measurable  management  responsibility. 

• Assignment  of  task  management  responsibilities  to  individuals 
with  directly  relevant  past  experience  for  all  critical  work 
packages . 

• Frequent  and  in-depth  reporting  of  work  progress  to  the 
government  to  allow  and  encourage  meaningful  and  timely 
technical  interchanges. 

• An  incremental  software  development  process  based  on  an 
iterative  build-test-demonstrate  philosophy  to  allow  hands-on 
experience  as  early  as  possible. 

• An  outside  technical  advisory  group  selected  from  the  cor- 
poration to  review  all  aspects  of  the  project  to  assure  that 
technical  and  programmatic  (cost,  schedule)  requirements  are 
being  met. 
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SAI-NTC  Program 
Management  Office 

W.  DeG 
D.  Erickson, 
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Figure  3-3.  SAI  NTC  Management  Structure 


resigned  from  SAI  in  Oct.  1980 
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• A dedicated  NTC  CIS  software  development  J ^ 

development  hardware  and  support  software  xdentxcal 
configuration  proposed  for  the  operatxonal  CIS. 

. A close  working  relationship  between  the 

his  senior  technical  staff  with  the  government  team  to  assu 
rLponsive  support  to  NTC  needs  and  changing  requxrements . 

3. 1.4.1  Configuration  Management 

SAI's  configuraton  management  provided  a taxlored,  txme  phased  ap 
pro.=h,  .»plcyln9  standard  techniques  tor  the  Identification,  control,  and 
status  accountinq  associated  with  both  hardware  and  software. 

The  importance  of  the  configuration  management  function  within  SAI  is 
illustrated  by  placement  of  the  contiguration  manager  in  direct-line 
responsibility  to  the  NTC  configuration  manager. 

Change  control  was  maintained  by  providing  organisational  resronsi- 
billty  tor  approving  and  Incorporating  changes  as  indicated  in  Figure  3-1. 

The  software  configuration  control  function  was  Implemented  in  con- 
junction with  the  software  library  function  am  maintained  defined  changes 
to  operational  code  in  an  automated  manner,  using  the  SSI  software  libra 
rian  code.  Changes  to  documentation  were  maintained,  using  a word  pro 
cessor  and  a document  control  program. 

s typical  SAI  change  control  flow  diagram  is  shown  in  Figure  3-5.  The 
vehicle  for  initiating  a change  is  the  engineering  change  request  (ECR). 

3. 1.4. 2 Software  Quality  Assurance 

The  purpose  of  SAI's  established  software  quality  assurance  progr^u  is 
to  provide  independent  assurance  that  the  mi:  software  meets  high  standards 
for  quality.  Assurance  was  achieved  by  audits  and  continual  review  of  the 
software  and  supporting  documentation. 
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Figure  3-4.  Change  Control  Organizational  Responsibility 


Fiaure  3-5.  Change  Control  Information  Flow/Events 


Significant  software  quality  assurance  efforts  were  planned  during 
development,  including  documentation  and  design  reviews,  and  witnessing  of 
formal  tests.  Specific  functions  for  software  quality  assurance  included 
the  following: 

• Support  design  reviews 

• Design  analysis 

• Coding  audits 

• Witness  testing 

• Review  documentation 

• Spot  checks. 


The  q[uality  assurance  personnel  performed  reviews  on  such  documents  as 
program  performance  specifications,  interface  design  specifications,  pro- 
gram design  specifications,  data  base  design  documentation,  program  de- 
scription documents,  user  manuals,  test  plans,  and  test  procedures.  The 
purpose  of  these  reviews  was  to  ensure  the  following: 

• Adequacy  of  Presentation  — Each  document  is  evaluated  to 
ensure  that  sufficient  information  is  presented  to  serve  the 
intended  purpose  and  will  identify  areas  which  are  not  ade- 
quately covered. 

• Correctness  of  Material  — The  material  presented  in  each 
docximent  has  been  evaluated  for  correctness,  both  technical 
and  in  terms  of  up-to-date  inclusion  of  design  changes.  The 
evaluation  also  identified  omissions  or  suspected  inadequa- 
cies . 

• Reflection  of  Product  Quality  — Many  of  the  reviewed  docu- 
ments directly  affect  the  quality  of  the  software  product, 
such  as  test  specifications,,  design  materials,  etc.  In  these 
cases,  an  essential  part  of  the  quality  assurance  review  was 
an  evaluation  of  the  quality  implications  of  the  document. 


3.2  BASELINE  CIS  FUNCTIONAL  DESCRIPTION  AND  PERFORMANCE  REQUIREMENTS 

The  paragraphs  which  follow  discuss  the  primary  CIS  functional  and 
performance  requirements  identified  by  SAI,  based  on  the  key  NTC  mission 
requirements  outlined  below; 

• Real-time  monitoring  and  coordination  of  combined  large  unit 
(BTF)  field  maneuver  and  command  post  (BDE)  exercises. 

• A dynamic  live-fire  exercise  with  realistic  portrayal  of  enemy 
target  arrays  and  real-time  scoring. 

• Provisions  for  combat  realism  while  maintaining  non— intrusive 
positive  control  to  assure  safety  and  adherence  to  the  rules 
of  engagements. 

• Real-time  interactive  coordination  and  control  of  a realistic 
opposing  force  as  a means  to  create  the  desired  training 
stimulus  and  environment  to  assure  that  overall  training  ob- 
jectives are  met. 

• Near  real-time  planning,  synthesis,  and  execution  of  after- 
action reviews  at  various  command  echelons,  using  a multimedia 
presentation  of  training  feedback  data,  including  audio, 
video,  and  digital  displays. 

• A 24-hour  per  day,  7-day  per  week  training  schedule  capable  of 
exercising  over  40  BTFs  annually  (two  BTFs  at  a time)  with  2 
weeks  of  intensive  training  allocated  to  each  BTF. 

• An  ability  to  provide  an  effective  test  bed  for  the  training 
developments  and  combat  developments  communities  while  not 
interfering  with  the  essential  training  mission  of  the  NTC. 

• Management  of  NTC  electromagnetic  emissions  to  avoid  inter- 
^®^®uce  with  NASA  Goldstone,  U.  S.  Army,  and  U.  S.  Air  Force 
operations. 

• Piovisjcn  of  take-home  training  feedback  packages  to  drive  and 
enhance  remedial  training  at  home  station,  based  on  deficien- 
cies uncovered  at  the  NTC. 


3.2.1  Core  Instrumentation  Subsystem  Functional  Description 

The  CIS  provides  all  real-time  data  processing  and  interactive  display 
capabilities  needed  to  monitor/  command/  and  control  all  NTC  engagement 
simulation  and  live-fire  exercise  activities.  The  CIS  also  provides  data 
processing/  iterative  display/  and  training  material  production  capabili- 
ties needed  to  s^nithesize  and  present  near-real-time  after-action  reviews/ 
both  in  the  field  and  in  the  theater/  and  to  produce  take-home  training 
packages.  Additionally/  the  CIS  provides  battle  simulation  and  interactive 
display  and  control  capabilities  needed  to  realistically  exercise  BDE  and 
BTF  command  staff  functions.  Finally/  the  CIS  provides  the  data  processing 
and  interactive  display  capabilities  required  to  support  training  develop- 
ments and  combat  developments  research  at  the  NTC. 

As  shown  in  Figure  3-6/  the  CIS  consists  of  five  major  components: 

1)  Digital  interface  component  (DIC) 

2)  Computational  component  (CC) 

3)  Display  and  control  component  (DCC) 

4)  Voice/video  control  and  editing  component  (WCEC) 

5)  The  facility  component  (FC). 

The  DCC  is  further  solidividad  into  four  major  elements: 

1 ) Exercise  monitoring  and  control 

2)  Training  analysis  and  feedback 

3)  Command  battle  simulation 

4)  Experimental  test  bed. 

The  digital  interface  component  provides  the  single  input/output  interface 
for  all  digital  data  communications  between  the  CIS  and  the  range  data 
measurement  subsystem  (ROMS)  and  range  management  and  communication  sub- 
system (RMCS)/  respectively.  The  DIC  implements  digital  communications 


protocol  between  the  CIS  and  external  subsystems.  It  reformats  and  pro- 
vides data  buffering  for  all  CIS  digital  input/output  (I/O).  In  short,  the 
Die  centralizes  all  digital  I/O  data  communications  for  the  CIS  and  pre- 
processes  I/O  data  to  transform  it  into  the  proper  format  required  by  the 
CIS. 

The  computational  component  performs  the  mainline  computation  in 
support  of  all  CIS  exercise  monitoring,  command  control,  battle  simulation, 
and  training  feedback  activities.  Specific  computational  processing 
performed  by  CC  includes: 

1)  State  estimation  (position  and  status)  for  all  instrumented 
players 

2)  Real-time  casualty  assassment  for  all  direct-  and  indirect- 
fire  weapon  engagements  (those  not  performed  or  only  par- 
tially performed  by  the  WESC) 

3)  Real-time  statistical  analyses  to  provide  training  MOEs, 

MOPS , and  EEAs 

4)  Battle  simulation  to  support  command  staff  exercise  role 
playing. 

The  display  and  control  component  provides  all  real-time  iterative 
data  display  and  control  facilities  required  for  CIS  controllers  to  direct 
all  aspects  of  the  NTC  training  experience.  Specifically,  the  DCC  provides 
a digital  background  map,  selectable  tactical  symbology,  engagement  event 
data,  statistical  performance  data,  and  function  key,  keyboard,  and  inter- 
active menus  to  interactively  control  all  aspects  of  the  CIS  subsystem. 
The  DCC  implements  the  CIS  display  and  interactive  control  operations  of 
exercise  monitoring  and  control,  training  analysis  and  feedback,  command 
battle  simulation,  and  experimental  test  bed. 

The  voice/video  control  and  editing  component  provides  all  facilities 
needed  to  record,  archive,  edit,  and  replay  relevant  voice  and  video  data 
obtained  by  monitoring  Blue  Force  (BLUEFOR)  and  OPFOR  field  operations.  It 


also  provides  an  interactive  software  system  to  assist  tactical  communica- 
tions  monitors  to  manually  input  key  COMMO  event  data.  Finally,  the  WCEC 
provides  similar  recording,  editing,  and  replay  facilities  for  all  video 
data  collected  in  the  field  by  fixed-video  cameras  and  mobile  cameras 
operated  by  the  field  video  teiims. 

The  facility  component  provides  the  operational  invironmert  for  all 
CIS  personnel  and  equipment.  Specifically,  the  FC  provides  physical 
security,  conditioned  power,  light,  air  conditioning,  and  personnel  ser- 
vices , 

Figure  3-7  provides  an  overview  of  the  baseline  CIS  performance 
rec[uirements . 

3,3  NTC  I-ALPHA  CIS  PROTOTYPE  DESIGN  AND  DEVELOPMENT 

3.3.1  Background 

The  NTC  I-ALPHA  test  was  the  first  in  a secjuence  of  operational  tests 
leading  up  to  the  full  NTC  Phase  I capability.  The  test  provided  the  first 
opport--  lity  to  evaluate  and  demonstrate  a nvnnbc'-  of  the  key  operational 
fea,  res  to  be  included  in  the  full  up  NTC  system.  The  test  was  conducted 
cn  a small  maneuver  range  at  Fort  Irwin,  California,  during  the  second 
quarter  of  FY  1980,  using  a prototype  of  the  core  instrumentation  sub- 
system, borrowed  position  location  subsystem  (PLS)  equipment  (DDR&E  RMS  II 
system),  and  the  MILES  to  simulate  direcc-fire  weapon  engagements.  Of  the 
three  major  NTC  Phase  I training  activities,  engagement  simulation,  live- 
fire  exercise,  and  command  battle  simulation,  only  engagement  simulation 
was  included  in  this  test. 


Engagement  simulation  exercises  were  conducted  between  the  BLUEFOR 
tank  heavy  company-team  and  a limited  OPFOR.  Approximately  forty  players 
were  instrumented  between  the  BLUEFOR  and  the  OPFOR. 
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The  primary  objectives  of  the  NTC  I-ALPHA  test  were  as  follows: 


^ Test,  evaluate,  and  demonstrate  a number  of  key  exercise 

monitoring  and  control  and  training  analysis  and  feedback 

functions. 

• Demonstrate  the  ability  to  conduct  and  control  a real-time 

engagement  simulation  at  the  company  team  level  on  Fort  Irwin 
terrain. 

• Gain  valuable  insight  into  the  operations  of  all  key  NTC 
I-ALPHA  subsystems  to  guide  the  future  development  of  the  NTC 
instrumentation  system. 

• Test,  evaluate,  demonstrate,  and  valid.,  te  the  NTC  I-ALPHA 

software  as  a means  to  formally  accept  the  first  software 
"build"  in  a series  of  four  planned  builds  in  the  NTC  I-ALPHA 
software  development  process. 


EMC  functions  specified  for  demonstration  were  as  follows: 


• Coordination  and  control  of  a company  team-level,  free-play, 
engagement  simulation  against  a real  OPFOR. 

• The  ability  to  control  and  direct  controller  teams  on  the 
ground  (white  team)  in  real  time  to  enforce  rules  of  engage- 
ment and  range  safety. 

• Direction  of  OPFOR  operations  to  create  the  desired  training 
environment  and  to  assure  that  training  objectives  are  met. 

• Manual  input  of  key  engagement  events  into  the  real-time  data 
base  that  were  obtained  from  monitoring  tactical  BLUEFOR  com- 
ponents and  from  observations  reported  by  the  white  team  and 
OPFOR. 

• Identification  of  key  training  situations  to  guide  the  prepa- 
rations of  AAR  within  TAF. 


TAF  functioris  specified  for  demonstration  were; 


• Real-time  training  data  logging  and  management, 

• Real-time  data  analysis  to  generate  selected  MOEs  and  MOPs, 

• Near  real-time  AAR  synthesis  in  parallel  with  ongoing  field 
exercise,  and 

• Preparation  of  interactive  after-action  reviews. 


3.3.2  NTC  I-ALPHA  Program  Schedule 

The  NTC  I-ALPHA  program  was  planned  and  conducted  in  five  stages  as 
shown  in  Figure  3-8.  It  should  be  noted  that  this  phased  schedule  is 
characterized  by  several  unique  features: 


1 ) It  was  based  on  a concept  of  modular  hardware  and  software 
development  in  parallel  with  subsystem  integration  activi- 
ties . 

2)  Because  of  schedule  constraints  and  the  remoteness  of  Fort 
Ir\/in,  initial  prototype  development  and  testing  of  CIS  com- 
ponents were  conducted  at  the  FA.CC  laboratory  in  Sunnyvale, 
California.  Use  of  this  facility  provided  the  opportunity  to 
rapidly  install  and  check  out  sxibsystems  in  a controlled 
environment  before  shipment  and  integration  at  Fort  Irwin. 


3.3.3  EMC  and  TAF  Functional  Requirements 


The  prototype  core  instrumentation  subsystem  developed  by  SAI  for  the 
NTC  I-ALPHA  program  consisted  of  two  major  components:  1)  EMC  and  2)  TAF. 
Tie  design  of  CIS  was  driven  by  the  functional  requirements  outlined  in 
Figure  3-9.  The  ability  of  the  CIS  to  meet  these  requirements  was  the 
basis  of  the  evaluations  conducted  throughout  the  NTC  I-ALPHA  progreun. 

3.3.4  Constraints 

The  NTC  I-ALPHA  CIS  develojxnent  schedule  was  extraordinarily  arrJiitious 
in  terms  of  the  time  allotted  to  the  following  critical  activities: 

• Software  Development 

• Hardware  Procurements 

• Systems  Integration  and  Testing 

• Software  Application  and  Testing 

• Operator  Training. 


As  a result,  all  these  activities  were  conducted  essentially  in  parallel, 
with  the  attendent  technical  and  schedule  risks.  Operator  training,  in 
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Figure  3-8.  NTC  1-ALPHA  Program  Schedule 


(1 ) TEST,  EVALUATE  AND  DEMONSTRATE  A NUMBER  OF 

PROTOTYPE  IMPLEMENTATIONS  OF  KEY  EMC  AND 

TAF  FUNCTIONS. 

EXERCISE  MONITORING  AND  CONTROL  (EMC): 

I 

• COORDINATE  AND  CONTROL  COMPANY  LEVEL  j 

FREE-PLAY  ENGAGEMENT  SIMULATION  AGAINST  A j 
REALOPFOR  | 

O APPLY  NON-INTRUSIVE.  YET  EFFECTIVE,  CONTROL  | 
BY  DIRECTING  A CONTROLLER  TEAM  ON  THE 
GROUND  (WHITE  TEAM)  IN  REAL-TIME  (RULES 
OF  ENGAGEMENT/SAFETY) 

• DIRECT  REAL-TIME  OPERATIONS  OF  OPFOR 

TO  CREATE  DESIRED  TRAINING  ENVIRONMENT 
AND  MEET  TRAINING  OBJECTIVES  (OPFOR  AS 
ELEMENT  OF  CONTROL) 

! 

• ON-LINE  MANUAL  INPUT  OF  KEY  ENGAGEMENT 
EVENTS  INTO  REAL-TIME  DATA  BASE  OBTAINtD  BY 
MONITORING  TACTICAL  COMMO  NETS  AND 
OBSERVATIONS  REPORTED  BY  WHITE  TEAM  AND 
OPFOR 

• REAL-TIME  KEY  TRAINING  SITUATION 
IDENTIFICATION  AND  TAGGING 


Figure  3-9.  I-ALPHA  Prototype  CIS  Objectives 
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TRAINING  ANALYSIS  AND  FEEDBACK  (TAF): 

• real-time  data  logging  and  management 

• NEAR-REAL-TIME  DATA  ANALYSIS  TO  GENERATE  SELECTED 
MOE/MOPs 

• NEAR-REAL-TIME  AAR  SYNTHESIS  — IN  PARALLEL  WITH  ONGOING 
EXERCISE 

• AAR  PRESENTATION  (DISPLAY.  TECHNIQUES  AND  PROCEDURES) 
BOTH  IN  FIELD  AND  IN  PROTOTN'PE  THEATER 

(2  TEST  EVALUATE  AND  DEMONS!  PATF.  THE  ABILITY  OF  THE  CIS 
TO  SUPPORT  THE  CONDUCT  AND  CONTROL  A COMPANY-TEAM 
LEVEL  EXERCISE  IN  REAL-TIME  ON  THE  FORT  IRWIN  TERRAIN. 

(3)  GAIN  VALUABLE  INSIGHTS  INTO  CIS  OPERATIONS  TO  GUIDE 
THE  DEVELOPMENT  OF  THE  NTC  PHASE  I CIS  OPERATIONAL 
CONCEPT: 

• HUMAN  FACTORS  (HARDWARE  I/O.  CONSOLE.  SOFTWARE 
DATA  AND  DISPLAYS) 

• CIS  RELIABILITY.  AVAILABILITY.  MAINTAINABILITY  (RAM) 

• CIS  LOGISTICS  SUPPORT 

• CIS  OPERATIONAL  PERSONNEL  TRAINING 

(4)  TEST.  EVALUATE  AND  DEMONSTRATE  CIS  SOFTWARE 
CAPABILITY  TO  ASSESS  THE  APPLICABILITY  AND 
RECOVERABILITY  OF  THIS  SOFTWARE  TO  MEET  PHASE  I 
CIS  REQUIREMENTS 

(5)  REASSESS  THE  ADEQUACY  AND  REASONABLENESS  OF  NTC 
PHASE  ! CIS  PROGRAMMATIC.  (SCHEDULE  RESOURCES) 
ESTIMATES 


Figure  3-9.  I-ALPHA  Prototype  CIS  Objectives  (Cont'd.) 
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particular,  was  seriously  constrained.  To  be  meaningful,  such  training 
should  be  conducted  on] 7 after  the  other  critical  activities  are  completed. 

In  addition,  the  remote  location,  austere  facilities,  and  climatology 
of  Fort  Irwin  presented  a significant  challenge  to  the  successful  com- 
pletion of  the  NTC  I-ALPHA  schedule  of  activities.  The  impacts  of  these 
factors  are  discussed  further  in  the  NTC  I-ALPHA  Final  Report  dated  20  May 
1980. 


3.4  NTC  I-ALPHA  SOFTWARE  DESIGN  AND  DEVELOPMENT 

This  paragraph  contains  a summary  of  the  salient  features  of  SAI's 
software  design  and  development  effort  to  support  the  NTC  I-ALPHA  program. 
A complete  technical  description  of  the  design  and  specifications  was 
provided  in  our  Technical  Report  entitled  NTC  I-ALPHA  Software  Design, 
dated  July  1979. 


The  software  product  consisted  of  over  40,000  lines  of  source  code, 
with  approximately  90  percent  in  FORTRAN  IV.  Application  was  made  to  a 
real-time  data  acgjisition,  interactive  graphic,  multi-computer  system 
consisting  of  12  user  stations  and  a large  screen  display  supported  by  two 
PDP  11/60  computers  and  two  LSI  11/2  computers. 

3.4.1  Software  Configuration 

The  basic  NTC  I-ALPHA  software  configuration  is  outlined  below. 


NTC  I-ALPHA  SOFTWARE  CONFIGURATION 

« System  Control  Software 

PLS  Interface  Communications 
EMC  and  TAF  Control 
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• EMC  Display  and  Control  Software 


Digital  Background  Map  of  Operational  Area 


- Symbology 


- a/N  Messages 

- Manual  Data  Entry  (COMMO  only) 


TAP  Display  and  Control 


- Data  Logging 

- MOE/MOP  Computation  {NTC  I-ALPHA  Subset) 

- Training  Feedback,  AAR  Synthesis,  and  Display 


Test  Support  Software 


PLS  Simulator  to  Support  NTC  I-ALPHA 
- System  Integration,  Testing,  and  Operator  Training 


3.4.2  Software  Development  Stages 


TO  meet  the  constrained  NTC  I-ALPHA  schedule,  software  development 
progressed  through  a series  of  the  following  five  stages; 


Stage  I (post- functional  design)  consisted  of  a detailed 
system  and  software  design  culminating  with  the  publication 
of  an  NTC  I-ALPHA  software  requirements/design  document. 
This  effort  was  completed  in  approximately  one  month. 


2)  Stage  II  included  actual  task  design  and  coding  leading  to 
th-  first  release  product.  This  effort  commenced  on  1 
September  1980,  and  the  product  was  accepted  on  17  November 

1980. 


3)  Stage  III  consisted  of  supporting  hardware  and  operational 
testing  followed  by  initial  operator  training. 


4)  Stage  IV  was  the  development  of  additional  software  necessary 
for  CIS  end  RMS  interface.  In  addition,  periodic  software 
changes  were  made  to  accommodate  changes  in  Aimy  require- 
ments . 


5)  Stage  V was  devoted  to  modification  and  enhancement  of 
statistical  display  functions  based  on 

generated  by  early  operation  field  tests.  ^ 

process,  SAI’s  average  productivity  for  documented,  debugged. 
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and  delivered  code  was  38  lines  per  day  per  programmer  com- 
pared to  the  industry  standard  for  real-time  software  of  5 
lines  per  day  per  programmer. 


3.4.3  Design  Overview 


An  overview  of  SAI ' s software  design  is  depicted  in  Figure  3-10. 


3.4.4  Design  Philosophy 

• Top-down  development 

• Maximum  use  of  software  technology  to  automate  exercise 
management  control  and  training  analysis  and  feedbacl:  tasks 

• Emphasis  on  subsystem  reliability  and  flexibility;  all  oper- 
ator stations  functionally  and  physically  identical 

• Modular  softwai'e  development  to  minimize  technical  and  sched- 
ule risks 

• Maximum  software  recovery  for  subsequent  use  in  Phase  I 

• Support  the  incremental  time-phased  NTC  developmental  concept, 
whereby  systems  are  gradually  brought  on-line  and  integrated 
into  a fully  operational  system. 

3.5  NTC  I-ALPHA  HARDWARE  DESIGN  AND  INTEGRATION 

3.5.1  Concept 

The  hardware  design  for  the  NTC  I-ALPHA  prototype  CIS  was  based  on  the 
concept  of  using  a matrix  of  off-the-shelf  minicomputers,  microprocessors, 
graphic  displays,  and  storage  capabilities  to  provide  essential  EMC  and  TAF 
capabilities.  Moreover,  hardware  developed  for  the  CIS  was  designed  to  be 
recoverable  as  part  of  future  instrumentation  systems.  Selection  of  hard- 
ware components  and  vendors  was  based  upon  maintainability  and  record  of 
performance. 


Figure  3-10.  NTC  1 -ALPHA  Software  Design  Overview 


3.5.2  CIS  Hardware  Configuration 

AS  Shown  in  Figure  3-11,  the  EMC  and  TAF  components  of  the  CIS  had 
essentially  identical  hardware.  This  configuration  provided  the  necessary 
redundancy  to  allow  the  TAF  components  hardware  to  pick  up  EMC  functions  if 
the  EMC  hardware  failed,  given  a time  gap  for  start  up. 


in  this  configuration,  the  CIS  operated  in  a passive  mode  with  respect 
to  the  PLS  subsystem.  That  is,  there  was  a one-way  data  interface  between 
the  PLS  and  the  CIS  in  which  data  were  shipped  from  the  PLS  to  each  of 
mini-computers  in  the  CIS.  This  interface  was  implemented  by  a black  box 
interface  device  designed  by  SAI , which  allowed  the  CIS  to  tap  into  the 
data  stream  within  the  RMS  II  Display  Subsystem  just  behind  the  modem.  The 
interface  with  each  of  the  PDP  11/60  mini-computers  was  implemented  by 
means  of  the  standard  DEC  interface.  This  interface  allowed  a data  trans- 
fer rate  of  up  to  a 50  kilobaud.  As  shown,  each  of  the  PDP  11/60s  were 
interfaced  by  means  of  a relatively  low  data  rate  link  implemented  by  a 
standard  DEC  DMC  interface.  This  intercomputer  link  allowed  transfer 
data  between  the  EMC  and  TAF  components  to  maintain  the  currency  of  selec- 
ted data  bases  in  each  of  these  components. 

AS  Shown,  there  were  six  interactive  displays  and  control  stations  in 
both  EMC  and  TAF.  Only  two  of  the  six  stations  were  capable  of  inter- 
actively controlling  the  background  map  and  display,  and  the  selection  of 
military  symbology  characterizing  the  engagement  situation  displayed  on  the 
color  monitor  or  large  screen.  All  other  stations  were  provided  with  an 
interactive  capability  to  control  the  display  of  alphanumeric  CRT  end  input 
data  using  a graphics  tablet  and  menus  on  the  CRT.  Within  -r,  the  manter 
control  and  display  stations  were  allocated  to  th.  e^.rrise  dive.i..  3r.. 

, T . Ui^Viin  T?'F  WGiTf: 

the  training  situation  analysis  \Mtnin  - . 

to  the  training  director  and  the  fJ^R  synthe.i.  su -cr.isci. 
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Figure  3-1 1 . NTC  l-ALPHA  CIS  Hardware  Configuration 


3*5.3  CIS  Facility  Layout 


A layout  of  the  NTC  I-ALPHA  CIS  facility  is  shown  in  Figure  3-12.  At 
Fort  Irwin  the  CIS  facility  was  installed  in  a specially  designed  triple 
wide  transportable  building,  equipped  with  power  conditioning  and  environ- 
mental controls.  Space  was  provided  for  the  computer  elements,  EMC  and  TAF 
elements,  and  an  after-action  review  theater  area.  A diagram  of  a stan- 

dardizeo  operator  station  with  associated  hardware  elements  is  shown  in 
Figure  3-13. 

3*5.4  Integration  and  Testing 

Based  upon  the.  SAI  CIS  design,  hardware  components  of  the  CIS  were 
procured,  installed,  and  maintained  by  the  NTC  I-ALPHft  systems  integration 
contractcr  (see  paragraph  3.8  below).  This  contractor  was  also  responsible 
for  hardware  and  software  integration,  and  testing  with  SAI  assistance.  An 
overview  of  system  integration  activities  and  stages  is  provided  in  Figure 
3-14.  (A  complete  description  of  these  activities  and  the  results  achieved 
are  contained  in  the  NTC  i-ALPHA  Final  Report,  dated  20  May  1980  (FACC).) 
During  Stage  II,  the  prototype  CIS  was  installed  and  integrated  in  the  FACC 
Design  Engineering  Laboratory  at  Sunnyvale,  California.  This  effort  began 
on  1 November  1979  and  was  completed  on  19  December  1979  when  a formal 
demonstration  of  a fully  functioning  CIS  was  conducted.  The  demonstration 
successfully  verified  all  performance  objectives  of  the  Stage  II  effort  and 

resulted  in  a major  milestone  decision  in  favor  of  deploying  the  system  to 
Fort  Iivin. 
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Designed 


3 . 6 SCENARIO  DEVELOPMENT 


one  of  the  critical  SAI  tasks  in  the  early  stages  of  CIS  development 
was  the  design  and  development  of  six  automated  scenarios  to  represent 
typical  company-level  tacMcal  operations  against  a representative  opposing 
force.  The  objectives  of  the  six  scenarios  were  to: 


• Test  CIS  operability  and  effectiveness 

• Test  functional  assignment  of  EMC  and  TAP  operators 

• provide  capability  to  perform  system  integration  testing  for 
each  CIS  built 

• Provide  means  for  realistic  operator  training  prior  to  field 
exercises • 

Each  scanario  was  structured  to  acconmodate  the  following  seguential  ac- 
tivities : 

1 ) Exercise  initialization 

2)  Operational  phases  — planning,  movement  to  LD,  movement  to 
contact,  attack,  and  consolidation 

3)  Post-exercise  reassembly 

4 ) AAR  preparation 

5)  AAR  presentation 

Considering  the  time  constraints,  scenario  development  was  an  excep- 
tionally demanding  task  since  each  scenario  was  manually  developed  from 
large  terrain  map  boards  (see  Figure  3-13).  Individual  player  positions 
and  movements,  together  with  firing  events,  were  plotted  by  map  coordinates 
and  then  transcribed  to  a sequence  listing,  coded  and  key  punched  onto 
cards.  Data  were  subsequently  placed  on  magnetic  tapes  to  drive  the  CIS 
systems.  In  addition,  up  to  nine  tactical  radio-net  scripts  were  written 
and  recorded  on  audio  tapes  to  match  tactical  events  realistically. 
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The  successful  use  of  these  scenarios  in  the  NTC  I-ALPHA  program  led 
to  the  development  of  the  test  support  driver  concept  discussed  in  para- 
graph 3.9  below. 

3.7  FORT  IRWIN  OPERATIONS  22  JANUARY  1980-4  APRIL  1980 

Following  its  successful  demonstration  at  Sunnyvale,  the  CIS  was  moved 
and  installed  at  Fort  Irwin  in  accordance  with  Stage  IV  planning.  Follow- 
ing installation,  the  hardware  and  software  were  again  integrated  and 
tested  to  include  the  CIS  interface  with  the  PLS  subsystem.  Stage  IV  also 
included  the  exploratory  testing  of  system  components  to  ensure  that  each 
component  was  operating  as  specified.  This  was  followed  by  graduated 
force-on-force  exercises  to  increasingly  stress  the  entire  system,  starting 
with  one-on-one  field  actions  auid  progressing  to  a free-play  scenario  be- 
tween multiple  units.  At  the  conclusion  of  Stage  IV,  the  fully  integrated 
CIS  hardware  and  software  had  been  tested  and  was  ready  to  begin  the  full- 
scale  company-level  field  trials  planned  for  Stage  V.  This  final  stage  of 
activity  consisted  of  daily  free-play  operational  trials  and  subsequent 
after-action  reviews  to  fully  stress  the  CIS  functional  subsystems  and  to 
evaluate  their  reliability,  availability,  maintainability,  and  operability 
from  the  human  factors  standpoint.  The  major  lessons  learned  from  this 
stage  are  provided  in  Section  7. 

3.8  ROLE  OF  OTHER  CONTRACTORS 

Aside  from  SAI,  other  contractor  support  for  the  NTC  I-ALPHA  progrcim 
was  provided  by; 

1 ) Ford  Aerospace  and  Communications  Corporation 

Systems  Integration,  including  site  engineering,  facilities 
preparation,  hardware  procurement,  hardware  installation/ 
checkout,  CIS  hardware  maintenance,  voice  recording  sub- 
system/video recording  subsystem  operations/maintenance, 
facilities  maintenance,  and  project  evaluation. 


2 ) General  Dynamics/Electronics 


Position  location  subsystem,  including  installation,  soft- 
ware/hardware modifications,  coverage  analysis,  and  main- 
tenance/operation of  the  PLS. 

3 ) Xerox  Electro-optical  Systems 

^'^Itiple  Integrated  Laser  Engagement  System  support,  in- 
cluding codevelopnent  of  the  MILES/RMS  interface  with  GDE, 
preparation  and  maintenance  of  the  MILES  units. 

3.9  NTC  I-ALPHA  COLLATERAL  DEVELOPMENTS 


Three  collateral  development  activities  conducted  by  SAI  under  this 
contract  are  discussed  below.  Despite  the  ancillary  nature  of  these  acti- 
vities, each  has  served  important  objectives,  the  most  important  of  which 
is  to  attain  an  e.^rly  IOC  with  minimum  technical  and  programmatic  risks. 


3.9.1  Test  Support  Driver 

To  support  the  incremental  developmental  concept,  there  is  a need  to 
exercise  (or  drive)  the  evolving  instrumentation  system  in  a realistic 
operational  mode.  This  capability  is  required  to:  1)  perform  system 
integration  and  test  for  each  incremental  build,  2)  train  operation  per- 
sonnel in  the  use  of  the  system  prior  to  field  exercises,  3)  support  system 
exercises  without  troops  to  build  the  experiential  background  needed  for 
subsequent  builds,  and  4)  provide  a means  to  demonstrate  the  evolving  CIS 
operational  capability  early  in  the  NTC  I-ALPHA  acquisition  cyr 1 j. 

The  test  support  software  designed  by  SAI  will  fulfill  the  above 
requirements.  In  effect,  the  TSD  is  a cost-effective  surrogate  for  ac- 
tivities which  would  normally  be  conducted  in  the  field  to  provide  the  CIS 
with  all  necessary  real-time  control  and  training  data.  In  this  role,  the 
test  support  driver  (TSD)  simulates  all  field  exercise  operations  and  the 
field  instrumentation  input  needed  to  measure  and  record  these  operations. 
TSD  also  provides  interactive  display  and  control  capabilities  to  allow 


role  playing  of  all  hiiman  interfaces  with  the  CIS  and  to  implement  CIS 
control  measures  in  the  simulated  exercise.  Thus,  the  TSD  models  the 
automated  as  well  as  the  manual  (human)  data  interfaces  between  the  CIS  and 
its  operational  environment. 

An  overview  of  the  TSD  concept  is  presented  in  Figure  3-14.  TSD 
elements  are  shaded  while  NTC  CIS  elements  are  not.  All  data  interfaces 
between  the  TSD  and  the  CIS  are  shown  as  directed  line  segments  between  the 
shaded  and  xinshaded  areas. 

Further  technical  details  pertaining  to  the  TSD  are  contained  in  the 
TSD  technical  report  listed  in  Appendix  C. 

3.9.2  Terrain  Data  Base  Conversion 


A second  important  collateral  development  accomplished  by  SAI  was  the 
preparation  of  a Terrain  Data  Base  Conversion  Manual.  This  manual  explains 
in  det-'l  the  process  of  converting  Defense  Mapping  Agency  (DMA)  supplied 
terrain  data  into  the  CCM  and  vegetation  files  of  the  digital  terrain  image 
display  (DTID)  system  data  base  required  by  the  NTC  software  system.  The 
four  steps  involved  in  converting  the  raw  DMA  data  to  an  8-bit  image  format 
are  detailed  in  the  User's  Manual  DMA  Data  Conversion  Process  for  the  NTC 
Terrain  Data  Base,  dated  July  1980. 

3.9.3  Support  Software 

The  complexity  of  the  large-scale  software  systems  required  for  the 
CIS  necessitates  intensive  management  and  quality  control  of  the  software 
development  process.  To  provide  the  degree  of  meuiagement  and  control 
required,  SAI  is  adopting  a variety  of  software  engineering  tools  as  a 
collateral  program  effort.  These  tools,  along  with  their  purpose,  are 
listed  below.  Figure  3-15  indicates  the  role  which  each  tool  plays  in  CIS 
software  development  processes. 
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Software  Engineering  Tools 


Requirements  Tracing  Tool 
(KTT) 


Automated  requirements , data  base 
maintenance,  and  tracing 


Software  Design  and 
Development  Language 
(SDDL) 

E-Metric  Computer  Code 


Test  Management  Tool 
(TMT) 


Automated  software  design  and  docu- 
mentation system:  a processor  and 
a language 

Computes  subroutine  complexity 
metrics  (quantitative  measures)  — 
Halstead 

Creates  and  maintains  central  test- 
ing data  base  and  generates  test 
reports 


Librarian 


Automated  source  code  configuration 
management:  maintains  configuration 
and  versions  within  configurations 
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SECTION  4 


1,  " C-ALPHA  CIS  OPERATOR  TRAINING 

This  section  provides  a summary  of  the  NTC  I-ALPHA  CIS  operator  train- 
ing program  designed  and  conducted  by  SAI.  Our  approach  generally  followed 
the  Army  instructional  systems  development  (ISO)  methodology,  namely; 

• Analysis  of  Requirements 

• Design 

• Implementation 

• Evaluation. 

Appropriate  adaptations  of  this  methodology  were  incorporated  in  the  team 
training  area.  A complete  discussion  of  this  program  is  contained  in  the 
"Program  of  Instruction  for  NTC  I-ALPHA  EMC/TAF  Operations  Personnel  Train- 
ing" document  submitted  by  SAI  to  CATRADA  on  1 December  1979.  Also  in- 
cluded in  this  section  is  a brief  review  of  SAI's  Special  Technical  Reports 
pertaining  to  training  which  were  submitted  as  part  of  the  NTC  I-ALPHA, 
Phase  I transition  planning  effort. 

4.1  TRAINING  CONCEPT 

Training  of  officer  personnel,  selected  by  CATRADA,  in  the  operation 
of  the  CIS,  was  initially  planned  in  two  phases  using  the  mix  of  instruc- 
tional strategies  outlined  below: 


• Orientation  — — lectures,  workbook,  demonstration 

• Terminal  Operations  — tutorial  hands-on 

• Exercisp  operations  — on-the-job  training,  procedural  manual, 
teeim  training 

• Evaluation  and  Feedback  — operator  functional  duties,  stress 
tests , criterion  performance  standards 


Phase  I initial  training  was  planned  as  a 2-week  program  conducted 
during  the  period  of  10  to  21  December  1979  at  the  FACC  Design  Engineering 
Laboratory,  Sunnyvale,  California,  using  the  prototype  CIS  installed  at 
that  facility.  Phase  II  advanced  training  was  planned  for  Fort  Irwin 
following  installation  and  integration  of  the  full  prototype  system  in 
January  1979.  The  initial  in-plant  training  phase  was  subsequently  can- 
celled because  of  schedule  constraints  and  all  training  was  reprogrammed 

for  Fort  Irwin. 

It  is  important  to  note  also  that,  under  this  concept,  NTC  I-ALPHA 
operator  training  was  designed  to  be  responsive  to  an  environment  of  flux. 
By  necessity,  training  at  Fort  Irwin  was  dovetailed  into  the  installation 
and  checkout  of  CIS  components  which  were  progressively  integrated  into  a 
full  prototype  system. 

4.2  CIS  TRAINING  ANALYSIS 

SAI's  training  development  effort  began  with  a detailed  analysis  of 
CIS  operator  functions  and  tasks  to  determine  the  parameters  and  require- 
ments of  the  training  mission.  Operator  functional  responsibilities  were 
broken  out  as  shown  in  Figure  4-1.  Based  on  these  functions,  specific 
operational  tasks  were  identified  in  keeping  with  CIS  system  capabilities 
and  design  specifications.  A sample  of  results  of  this  analysis  is  shown 
in  Figure  4-2.  A full  discussion  of  these  tasks  if  contained  in  the 
document  cited  in  the  introduction  to  Section  4. 

4.3  PROGRAM  OF  INSTRUCTION 

Training  of  CIS  operators  at  Fort  Irwin  was  based  upon  an  80-hour 
program  of  instruction  prepared  by  SAI  and  approved  by  CATRADA.  However, 
in  effect,  training  was  a continuous  process  throughout  the  entire  Fort 
Irwin  period  as  experience  was  gained  on  the  system.  Trainees  were  twelve 
Army  officers  from  selected  branch  specialties. 
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Tactical  Operations  Cente 


Job: 


I 

Officer  in  Charge  of  the  Training  Analysis  and  Feedback 

• Monitor  A terminal  and  direct  NTC  tactical  analysis 
and  feedback  operati  ms 

• Supervise  and  synchronize  all  AAR  preparations  and 
presentations  based  upon  information  from  SMCO 

• Supervise  all  rn^idir/*' ss  resoui'c^,  c'lortrirs,  tactics, 
analysis,  and  reports 

• Make  decisions  on  real-time  MOE  analysis 

• Supervise  integration  of  core,  field  video,  and  VRS 
inputs 

• Direct  up-grades  in  TAF  system 

• Coordinate  TAF  communications 


Figure  4-2.  TRAINING  ANALYSIS  AND  FEEDBACK  OFFICER 


The  training  program  consisted  of  the  following  elements: 


• Introduction  to  the  NTC  I-ALPHA 
Orientation 

- Overview  of  NTC  Concept 

- AAR  Purpose  and  Objectives 

- Field  Trip  for  Terrain  Orientation  and  Demonstration  of 
PLSAJES  Equipment. 

M 
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EMC.  and  TAF  Team  Assignment  (initial) 


- Functions,  responsibilities,  tasks 

- Operational  team  concept 

• Familiarization  with  CIS  Equipment 

- Component  purpose  and  use 

- Tablet  operations 

- Console  operat  ons 

• Hands-on  Equipment  Training 

- Data  and  CRT  formats 

- Hand  and  eye  coordination 

Use  of  intercom,  radio,  and  audio  recording  equipment 

• AAR  Familiarization 

Preparation 
Player  roles 

- Hardware/software  capabilities 

- Structure  and  organization 

- Presentation 

• Scenario  Exercises  (simulated  field  trials) 

- Skill  development 

- Application  of  responsibilities  during  increasingly  complex 
scenarios 

- Practical  AAR  development  experience 


4.4  TRAINING  APPROACH 


CIS  training  was  conducted  on  an  individual  and  group  basis  at  appro- 
priate operator  stations.  A guided  practice  approach  was  taken  to  enhance 
skill  levels.  System  components  were  introduced  incrementally  and  operator 
tasks  described.  Operators  then  practiced  with  individual  and  collective 
components,  assis ced  by  SAI  instructors. 

4.5  TRAINING  ACTIVITY  SCHEDULE 

CIS  operator  training  began  the  first  week  of  February  1980  and  was 
initially  conducted  in  afternoon  sessions  to  allow  the  morning  period  for 


system  integration  and  testing.  As  mentioned  earlier,  training  was  essen- 
tially dovetailed  with  other  development  activities.  As  such  activities 
reached  completion,  more  and  more  time  became  available  for  advanced 
operator  training.  Fortunately,  the  introductior.  of  practice  scenarios 
early  in  the  training  cycle  raised  the  level  of  operator  proficiency  a 
point  that  allowed  a timely  transition  from  a training  mode  to  an  opera- 
tional mode  in  support  of  scheduled  field  exercises. 

4.6  TRAINING  EVALUATION 


A detailed  evaluation  of  CIS  operator  training  effectiveness  and 
future  requirements  was  made  during  and  at  the  conclusion  of  the  NTC 
I-ALPHA  program.  Input  was  received  from  instructors,  officer  trainees, 
on-site  CATRADA  representatives,  and  selected  contractor  personnel  from 
FACC.  Detailed  findings  and  recommendations  based  on  this  evaluation  are 
contained  in  SAI's  Special  Technical  Report,  CIS  Operations,  Training,  and 
Manning,  dated  June  1980,  and  in  the  NTC  I-ALPHA  Final  Report  (FACC)  dated 
20  May  1980.  One  specific  lesson  learned  which  affected  the  entire  train- 
ing effort  was  that  training  should  not  begin  until  system  integration  and 
testing  are  completed.  The  circximstances  of  the  NTC  I-ALPHA  schedule 
resulted  in  a parallel  development  approach,  and,  predictably,  training 
continuity  was  seriously  disrupted  and  impeded. 

4.7  POST  NTC  I-ALPHA  TRAINING  DEVELOPMENTS 

4.7.1  NTC  Operational  Training  Plan  Outline 

In  January  1981,  SAI  submitted  a special  technical  report  that  out- 
lined recommended  Phase  I in-plant  and  on-site  training  courses  for  Army 
personnel  based  on  the  results  of  NTC  I-ALPHA,  and  analyses  of  known 
transitional  requirements.  This  operational  training  plan  addresses 
instruction  for  NTC  components  and  describes  in  general  terms  course 
prerequisites,  resource  requirements,  and  supporting  information.  One  in- 
plant  and  four  on-site  courses  are  described  in  detail. 


4.7.2  Requirements  Analysis  for  In-Plant  Training  Course 

This  special  technical  report  describes  the  results  of  SAI's  require- 
ments analysis  of  an  88-hour  in-plant  course  to  train  selected  Army  person- 
nel in  EMC/TAF  duties  and  to  serve  the  needs  of  instructors  and  other  key 
Army  personnel  involved  in  NTC  support  functions. 

4.7.3  NTC  Technical  Orientation  Course 

This  report  presents  an  analysis  of  the  need  and  requirements  for  an 
informal  technical  orientation  course  for  Army  planners  to  familiarize  them 
with  NTC  instrumentation  systems,  ancillary  equipment,  and  design  features. 

4.7.4  CIS  and  Voice Aideo  Control  and  Editing  Component,  Man-Man  Interface 
Requirements  Analysis 

A detailed  analysis  of  CIS-WCEC  interface  requirements  was  also  sub- 
mitted in  January  1980  as  a special  technical  report.  This  effort  estab- 
lished the  need  for  a well  prepared  plan  of  operation  to  permit  an  effi- 
cient CIS-WCEC  team  effort.  Team  functions,  duties,  and  responsibilities 
were  clearly  established.  The  task  of  selecting  appropriate  WCEC  infor- 
mation for  inclusion  in  AARs  was  also  analyzed. 


4.7.5  Post-Processing  Training  Analysis 

The  post-processing  training  analysis  to  be  undertaken  for  Phase  I 
will  involve  the  creation  of  programs  capable  of  constructing  a take-home 
training  package.  The  take-home  training  package  will  be  processed  in  an 
off-line  mode  following  the  termination  of  the  NTC  training  cycle  and  upon 
completion  of  the  final  after-action  review.  The  information  contained  in 
the  take-home  package  will  be  available  from  the  exercise  data  files  con- 
tained within  the  storage  area  of  the  core  instrumentation  subsystem. 
Files  will  be  maintained  on  each  exercise,  thus  giving  the  capability  to 
compile  data  from  multiple  exercises,  and  generate  reports  that  will  allow 
a comparative  analysis  of  a battalion  task  force  at  different  times  during 


r 


I 
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the  NTC  cycle  or  to  other  task  forces.  The  SAI  special  report  submitted  in 
January  1981  provides  a description  of  the  post-processing  training  analy- 
sis requirements,  a phased  implementation  schedule,  multiple  exercise 
processing,  and  a work  breakdown  layout  for  NTC  Phase  I. 

4.7.6  Computer-Based  Instruction  and  Test  Support  Driver 

This  topic  was  the  subject  of  a special  SAI  technical  report  submitted 
on  17  February  1981  and  is  linked  to  the  need  to  thoroughly  train  CIS 
operations  personnel  within  the  TSD  functional  area.  The  primary  focus  is 
on  the  development  of  a progrcim  of  computer-based  instruction  (CBI)  for  the 
training  of  role  players,  instructors,  facilitators,  scorers,  and  other  key 
individuals  in  the  TSD  operations.  As  described  in  this  report,  CBI  will 
provide  also  a manually  scored  test  of  individual  operator  proficiency  and 
group  proficiency. 
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NTC  I -ALPHA  MOE/MOP  DEVELOPMENT 

This  section  provides  an  overview  of  SAI's  contribution  to  the  NTC 
I-ALPHA  MOE/MOP  development  process.  Primary  responsibility  for  MOE/MOP 
requirements  analysis  and  specification  remained  with  CATRADA. 


5.1  CONCEPT 


The  NTC  evaluation  concept  specifies  that  the  evaluation  function  will 
concentrate  on  five  levels  of  activity  by  the  combined  arms  task  force; 
execution,  control,  coordination,  support,  and  planning.  Moreover,  the 
evaluation  process  is  designed  to  provide  a comprehensive  objective  evalu- 
ation of  unit  effectiveness  to  serve  as  a basis  for  subsequent  home-station 
training. 

The  underlying  concept  of  the  MOE/MOP  development  process  was  to  serve 
this  evaluation  function  by  means  of  quantitative  and,  to  a lesser  degree, 
qualitative  measures  and  standards  of  performance. 


5 . 2  OBJECTIVES 


The  primary  objectives  in  the  development  of  MOE/MOP  were  to  provide 
objective  diagnostic  feedback  to  player  units,  assist  in  identifying 
training  weaknesses,  and  provide  the  basis  for  remedial  home— station 
training. 


5 . 3  METHODOLOGY 

The  methodology  used  in  the  development  jS.  he  MOE  and  MOP  data  set 
consisted  of  assembling  appropriate  data  soui  ':es  to  identify , in  the  broad- 
est context,  the  evaluation  functions  of  each  issential  element  of  analysis 
and  its  substructures  (MOE  and  MOP).  This  approach  allowed  for  progress- 
ively lower  subdivisions  until  quantitative  and  qualitative  measures  could 
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be  specified.  A technical  report  was  produced  by  SAI,  in  conjunction  with 
CATRADA,  to  address  the  requirement  for  EEA  develojxnent.  This  report  was 
entitled  U.  S.  ARMY  NATIONAL  TRAINING  CENTER  COMBAT  EVALUATION  PROGRAM  (- 
EEA,  MOE,  MOP),  originated  by  CATRADA,  15  August  1980.  This  report  served 
as  the  basis  for  the  development  of  evaluation  measures  for  NTC  I-ALPHA. 

5.4  STRUCTURE  OF  THE  ASSESSMENT  PROCESS 

The  major  categories  of  the  NTC  evaluation  program  consist  of  essen- 
tial elements  of  analysis,  measures  of  effectiveness,  and  measures  of 
performance.  The  major  categories  of  EEAs  are  those  combat  domains  pri- 
marily exercised  in  the  BN  Task  Force  (execution,  control,  coordination, 
support,  and  planning). 
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Measures  of  effectiveness  were  developed  to  provide  statistical 
indicators  of  the  success  of  the  task  force  in  mission  accomplishment. 
Measures  of  performance  were  developed  to  explain  performance  or  lack  of 
performance,  quantitatively  or  qualitatively,  in  an  MOE  area.  However, 
this  structure  was  somewhat  ciambersome  for  a smooth  transition  from  MOP  to 
MOE  and  subsequently  to  EEAs.  To  overcome  this  limitation,  SAI  developed 
the  NTC  COMBAT  EVALUATON  (EEA,  MOE,  MOP)  INTERPRETIVE  GUIDE,  30  November 
1979.  The  interpretive  guide  provided  a substructure  to  the  MOEs,  entitled 
"Headings."  Headings  serve  to  aggregate  MOPs  into  topic  areas  and  to 
provide  an  interface  structure  between  the  MOEs  and  MOPs. 

As  a result  of  this  procedure,  a chain  or  linkage  was  established 
consisting  of  data  inputs  at  the  lowest  level;  MOPs  at  the  next  level; 
headings,  providing  aggregation  of  MOPs,  and,  in  turn,  headings  aggregated 
to  MOEs;  MOEs  answering  statistically  the  degrees  of  success  in  mission 
accomplishment;  and  EEAs  addressing  the  major  combat  domains  exercised  by 
the  task  force. 


5.5 


SOURCE  DESCRIPTION 


The  sources  for  the  input  and  analysis  of  MOE  and  MOP  data  during  NTC 
I-ALPHA  were  as  follows: 


1 ) ARCVST 

The  ARCVST  compiled  data  from  the  position  location  system, 
communication  system,  and  integrated  laser  system  (MILES) 
input  to  computer  disk  by  the  CIS  system  hardware  and  EMC/TAF 
personnel.  The  ARCVST  was  interrelated  to  other  data  source 
systems  for  the  purpose  of  AAR  presentation. 

2)  Field  Input 

Field  input  data  was  derived  from  forms  filled  in  by  white 
team  controller  personnel  to  facilitate  the  AAR  process. 

3)  Voice  Recording  System  (VRS) 

The  VRS  system  provided  input  data  via  the  various  communi- 
cations networks,  the  White  Team,  BLUEFOR,  and  OPFOR. 

4)  Indirect  Fire  Casualty  Assessment  (IFCAS) 

Indirect  fire  casualty  assessment  provided  data  from  ar- 
tillery. Because  of  the  nature  of  the  IFCAS  system,  data 
collection  was  controlled  by  standards  and  pareuneters  pre-set 
to  collection  specifications. 

5)  Core  Instrumentation  System/Decision 

To  assist  the  above-mentioned  resource  collection  agencies, 
the  personnel  from  EMC/TAF  (the  CIS  personnel)  provided  a 
decision-making  entity  which  assisted  in  the  enhancement  of 
the  data  collection  and  reduction  functions  for  preparation 
of  AAR  and  input  of  key  data  for  specific  exercise-keyed 
events. 


5.6  EVALUATION 


Further  refinement  of  the  NTC  MOE/MOP  data  base  is  required  to  realize 
the  full  potential  of  this  evaluation  tool  and  its  proper  application  to 
the  NTC  AAR  and  post-exercise  data  analysis  process  (PEDAP).  Recently,  SAI 
completed  initial  research  on  the  development  of  a cross  index  of  measures 
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of  combat  effectiveness.  An  SAI  technical  report  entitled:  A Cross  Index- 
ing Structure  for  DARPA,  USA  NTC,  USA  ARTEP,  and  MCCRES  Measures  of  Combat 
Effectiveness  (Volume  I and  Volume  II),  18  September  1980,  provides  a func- 
tional index  structure.  The  report  develops  the  EEA,  MOE,  MOP  concept 
structure  further  to  increase  the  ability  to  perform  functional  analysis 
and  evaluation  of  the  BN  Task  Force  during  the  NTC  training  cycle  and 
general  applications  for  inter-service  users. 
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SECTION  6 


AAR  DEVELOPMENT 

One  of  the  major  objectives  of  the  NTC  I-ALPHA  program  was  to  demon- 
strate and  evaluate  the  training  analysis  and  feedback  functions  within  the 
CISr  The  preparation  and  presentation  of  after-action  reviews  required 
collecting,  analyzing,  and  displaying  appropriate  multi-media  information 
and  data  in  order  to  provide  timely  diagnostic  feedback  to  participating 
units.  This  section  discusses  SAI’s  contribution  in  the  AAR  development 
effort  during  and  after  t'-r  NTC  I-ALPHA  program.  A complete  discussion  of 
SAI's  contributions  is  contained  in  the  following  doctiments; 


1)  NTC  I-ALPHA  Final  Report  (FACC),  10  May  1980 

2)  NTC  I-ALPHA  Special  Technical  Report,  CIS  Operations,  Train- 
ing, and  Manning,  June  1980 

3)  NTC  I-ALPHA  Special  Technical  Report,  After-Action  Review 
Process  and  Upgraded  Design,  January  1981 

4)  NTC  I-ALPHA  Special  Technical  Report,  Field  Training  Feedback 
Component/Theater  After-Action  Review,  January  1981 

6.1  CONCEPT 

The  effectiveness  of  the  CIS  system  rests  primarily  in  the  ability  of 
the  various  subsystems  to  provide  training  analysts  with  the  automated 
capability  to  collect,  analyze,  and  present  timely,  objective  feedback  to 
player  units.  To  improve  combat  effectiveness,  multiple  forms  of  feedback 
must  be  used  during  the  after-action  review  process  to  reconstruct  tactical 
events  with  high  fidelity.  The  concept  of  the  AAR  process  is  to  use  the 
technology  provided  by  the  NTC  instrumentation  systems  to  provide  a 
learning  environment  and  setting  in  which  leaders  and  soldiers  can  see, 
understand,  and  learn  from  the  effects  of  their  battlefield  actions  and 


decisions. 


In  coordination  with  CATRADA,  SAI  conducted  a detailed  AAR  require- 
ments analysis,  based  upon  the  above  concept,  which  led  to  the  AAR  training 
and  operation  methodology  followed  in  NTC  I-ALPHA  and  subsequently  refined 
dxiring  the  Phase  I transition  period. 

6 . 2 APPROACH 

The  development  of  the  after-action  review  procedures  has  been  funda- 
mentally a conceptual  process  beginning  with  analysis  of  what  data  should 
be  collected,  how  it  should  be  analyzed  and  at  what  level,  how  it  should  be 
presented,  who  should  present  the  review,  and  who  should  attend  the  AAR 
from  the  player  units.  As  a result,  an  evolutionary  approach  was  followed, 
culminating  with  the  methodology  applied  and  demonstrated  during  opera- 
tional field  trial  at  Fort  Irwin. 

Based  on  the  SAI  coxirse  of  instruction  for  TAF  operators  and  later 
refined  by  officer  trainee  input,  effective  AARs  were  successfully  con- 
ducted during  the  last  five  exercises.  In  general,  presentation  techniques 
varied  as  the  player  audience  was  varied.  Initially,  AARs  were  briefed  to 
the  unit  commander  and  selected  members  of  the  command.  The  commander  was 
then  allowed  access  to  the  TAF  displays  for  discussion  of  details  with  his 
subordinates.  Another  method  employed  was  to  brief  the  commander,  and  then 
he  conducted  the  AAR  for  his  unit.  (A  full  description  of  these  techniques 
is  contained  in  SAI  Technical  Report  on  CIS  Operations,  Training,  and 
Manning,  June  1980.) 

6 . 3 TRAINING  METHODOLOGY 

The  methodology  used  for  CIS  operator  AAR  training  is  provided  in 
Appendix  D. 
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SECTION  7 


NTC  I -ALPHA  LESSONS  LEARNED 


A full  discussion  of  lessons  learned  during  the  NTC  I-ALPHA  program  is 
contained  in  the  fo.ll  jwing  reports  submitted  earlier: 


1)  NTC  I-ALPHA  Final  Report,  20  May  1981  (FACC), 

2)  EAJ.  ^ITC  I-ALPHA  Special  Technical  Report,  CIS  Operations, 

Training,  and  Manning,  June  1980,  and 

3)  SAI  NTC  I-ALPHA  Special  Technical  Report,  NTC  CIS  Design  and 
Upgrade  Based  on  the  NTC  I-ALPHA  Test  Results,  November  1980. 

Lessons  learned  from  NTC  I-ALPHA  have  been  incorporated  in  all  SAI 
reports  submitted  during  the  Phase  I transition  period.  Attention  is 
invited  also  to  Chapter  11  of  this  report.  Conclusions. 


These  reports  are  available  and  provide  detailed  information  concern- 
ing lessons  learned.  However,  a summary  of  the  lessons  learned,  as  de- 
scribed in  reference  (2)  above,  is  provided  to  facilitate  familiarization 
with  the  observations  made  concerning  CIS  operations  during  NTC  I-ALPHA. 
These  are: 


• The  operators  did  not  consider  the  graphics  tablet  to  be 
suitable,  and  a replacement  device  would  be  useful.  A 
board  entry  device  that  includes  function  keys,  alphanumerics, 
a digital  pad,  and  a "joystick"  cursor  control  would  simplify 
the  method  for  input  of  data  manually. 

• The  alphanumeric  alert  display  of  fixing  events  was  very  use- 
ful, but  the  size  of  the  CRT  screen  was  a limiting  factor. 
Because  larger-scale  rperations  will  further  complicate  the 
problem,  a capability  of  producing  hard-copy  printouts  is 
recommended. 

• The  means  by  which  data  entries  are  selected  must  be  related 
to  the  source  content.  Furthermore,  the  manual  input  of  data 
was  dependent  on  operator  memory  and  note-taking.  Changes  to 
eliminate  this  problem  will  not  be  difficult.  In  addition, 
measures  can  be  taken  to  reduce  data  input  to  significant 
details  only. 
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• The  personnel  job  loads  varied  substantively;  some  became 
overloaded  at  times  while  others  were  only  partially  occupied. 

This  problem  can  be  corrected  by  adjusting  the  tasks  at  each 
CIS  station.  This  will  increase  flexibility  in  assigning  work 
and  adjusting  loads. 

• The  EMC  operators  are  required  to  perform  tasks  beyond  just 
monitoring  and  controlling  exercises.  It  became  clear  that 
the  input  of  analyst  data  could  be  facilitated  by  an  inde- 
pendent graphic  display  and  control  for  analysis,  which  could 
monitor  and  control  demands  so  that  each  analyst  could  con- 
centrate on  that  portion  of  the  exercise,  data,  and  activity 
for  which  he  is  responsible.  This  can  be  accomplished  by 
providing  each  operator  with  independent  terminals,  which 
include  input  devices,  alphanumeric  displays,  and  graphic 
monitors . 

• Statistical  information  was  presented  on  each  graphics  monitor 
in  the  side  margins,  thus  limiting  the  size  of  the  graphics 
display.  This  will  not  work  well  as  units  and  activity  in- 
crease. The  problem  can  be  resolved  by  removing  most  statis- 
tical information  from  the  graphics  display  CRT. 

• CIS  initialization  was  time  consuming,  tedious,  and  required  a 
high  degree  of  accuracy.  This  difficulty  can  be  overcome  by 
providing  a single  point  of  entry  for  data  initialization, 
with  transfer  to  other  stations  on  demand. 

• The  limitations  on  the  nuuibers  and  types  of  displays,  the  need 
for  manual  data  for  display  and  the  lack  of  a fall  real-time 
display  capability  indicate  that  there  may  be  a problem  when 
substantially  increased  requirements  must  be  met.  To  overcome 
this  limitation,  the  system  capabilities  and  data  display  re- 
quirements must  be  re-exeimined. 

• AARs  were  developed  and  presented  initially  by  the  TAFO  with 
input  from  other  TAF  operators.  They  were  based  on  "canned" 
scenarios  and  presented  to  EMC  personnel. 

As  VRS  and  "canned"  field  video  became  available,  the  AARs  became  more 
complex  in  composition  and  presentation.  Tiie  resultant  video/ audio  re- 
cording, which  was  played  to  the  AAR  audience,  was  somewhat  unrealistic. 
As  live  players  and  field  controllers  were  introduced,  additional  problems 
arose.  These  can  be  resolved  by  providing  additional  statistical  analysis 
capabilities,  a more  flexible  display,  and  improved  format.  In  addition, 
the  post— exercise  analysis  will  have  to  maximize  use  of  automated  data 


sources. 
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SECTION  8 


REFINED  CIS  DESIGN  BASED  UPON  NTC  I- ALPHA  EXPERIENCE 

The  refined  CIS  design*  for  NTC  I-ALPHA  is  based  upon  the  experience 
gained  from  the  company-level  exercises  conducted  during  NTC  I-ALPHA.  A 
complete  description  of  the  expanded  design  for  battalion- level  exercises 
is  contained  in  SAI ' s Special  Technical  Report  entitled  "NTC  Core  Instru- 
mentation Subsystem  Design  Modification  and  Upgrade  Based  Upon  NTC  I-ALPHA 
Test  Results,"  dated  November  1980. 

8.1  DESIGN  OVERVIEW 

The  overriding  feature  of  the  upgraded  NTC  I-ALPHA  CIS  design  is 
flexibility.  This  flexibility  permeates  the  entire  CIS  hardware  and  soft- 
ware design  structure.  It  provides  the  required  operational  flexibility  to 
reassign  personnel  and  functions  among  CIS  controller  stations  as  well  as 
to  reconfigure  the  CIS  in  order  to  mitigate  the  impact  of  equipment  fail- 
ures or  damage.  The  inherent  flexibility  built  into  the  design  also  pro- 
vides the  means  to  accommodate  growth  and  changes  dictated  by  evolving 
requirements . 

The  upgraded  CIS  design  is  fully  responsive  to  NTC  I-ALPHA  CIS  func- 
tional performance  requirements  to  the  degree  they  were  known  and  defined. 
The  design  is  a direct-  or  follow-on  to  the  NTC  I-ALPHA  CIS  design  and 
incorporates  all  significant  lessons  learned  from  the  NTC  I-ALPHA  test.  To 
minimize  technical,  schedule,  and  co,  - ris<s,  the  design  recovers  as  much 
of  the  NTC  I-ALPHA  software  as  possible  as  well  as  other  off-the-shelf 
software  which  has  been  developed  under  government  contract  and  proven  as 
part  of  U.  S.  Army  training  or  test  operations. 


* This  design  is  based  on  the  NTC  I-ALPHA  test  experience.  The  final  Phase 
I design  is  the  responsibility  of  SAI  under  the  new  Phase  I support 
contract. 
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Finally,  the  CIS  desigti  employs  state-of-the-art  hardware  and  software 
development  techniques  and  standard  off-the-shelf  hardware  interfaces 
exclusively.  This  design  philosophy  minimizes  design  risks  and  assures 
easy  low-cost  enhancement  and  maintenance  of  the  operational  CIS. 


8.1.1  Hardware  Design 

All  hardware  components  for  the  proposed  NTC  I-ALPHA  CIS  design. 
Figures  8-1  and  8-2,  for  both  the  initial  and  full-up  configuration  were 
selected  based  on  the  following  criteria: 


• The  ability  to  meet  or  exceed  all  known  NTC  I-ALPHA  CIS 
functional  and  performance  requirements 

• Overall  costs  and  cost  performance  (including  the  impact  of 
software  costs) 

• Technical,  schedule,  and  cost  risk  minimization 

• Proven  vendor  performance  record  based  upon  firsthand  experi- 
ence or  extensive  scrutiny  and  reference  checks 

• High  confidence  in  product  quality,  reliability,  and  main- 
tainability over  the  total  life  cycle  of  the  NTC  I-ALPHA 
system 


• The  potential  of  the  vendor  and  his  hardware  to  support  future 
growth  without  causing  significant  redesign  and  recoding  of 
CIS  software. 


Key  hardware  design  features  are  highlighted  in  detail  in  Section  3.2 
of  the  cited  technical  report. 
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il  CIS  Hardware  Configuration 
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Figure  8-2.  Full-up  CIS  Hardware  Configuration 


8.1.2  Software  Design 


The  upgraded  software  design  is  a direct  extension  of  the  NTC  I-ALPHA 
software.  It  is  based  on  a comprehensive  top-down  design  to  assure  that 
all  requirements  have  been  met  and  there  is  sufficient  flexibility  to 
accommodate  growth.  Seme  of  the  key  features  of  the  software  design  are: 


• Recovery  of  most  of  the  NTC  I-ALPHA  software  code,  executive 
and  data  base  structure,  and  design  philosophy 

• Identical  software  functional  capabilities  at  each  controller 
station,  thereby  allowing  any  CIS  function  to  be  performed  at 
any  station 

• Input/ouput  capabilities  with  flexibility  to  employ  a graphic 
tablet  for  graphic  and  interactive  menus  or  an  A/N  terminal 
and  keyboard  for  free-format  data  entries  or  interactive  A/ 
menus  using  function  keys  to  drive  these  menus 

• A simple  and  responsive  interactive  display  and  control 
software  design  which  fully  exploits  DEC  operating  system 
software  intra-  and  inter-task  coordination  mechanisms 

• A balanced  software  design  which  distributes  processing  loads 
across  the  mainline  computers  and  the  graphics  display  pro- 
cessors associated  with  each  station 

• A highly  flexible  background  terrain  map  display  with  all  the 
features  provided  at  NTC  I-ALPHA  as  a minimum 

• A range  measurement  pre-filter  for  ground  players  which  sig- 
nificantly reduces  state  estimation  processing  load  while 
assuring  that  all  ground  players  position  accuracy  require- 
ments are  met 

• A means  to  compute  all  kernel  statistics  in  real-time  to 
support  EMC  and  TAF  functions 

• Automated  NTC  system  initialization  and  status  monitoring 
software 


• NTC  range  management  (exercise  scheduling  and  resource  alloca- 
tion) support  software 

• Take-home  training  package  synthesis  and  production  software. 


The  top-level  CIS  data  flow  is  diagrammed  in  Figure  8-3 
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Level  CIS  Software  Data  Flow  Diagram 


8.2  SIZING  AND  TIMING  REQUIREMENTS 


One  of  the  most  significant  SAI  accomplishments  xinder  this  task  was  a 
detailed  technical  analysis  to  establish  timing  (throughput)  requirements 
for  the  Phase  I computer  hardware.  In  the  IOC  configuration,  one  of  the 
two  computational  computers  will  be  allocated  the  following  EMC/TAF  func- 
tions : 

• Player  state  estimation 

• Real-time  casualty  assessment 

• Real-time  statistical  analyses 

• Interactive  display  and  control  for  EMC/TAF 

The  other  computer  will  perform  all  computations  and  interactive  display 
and  control  fxinctions  required  by  the  test  support  driver.  Timing  analyses 
for  each  of  these  computers  are  detailed  in  Section  3 of  the  special  tech- 
nical report  cited  earlier  in  the  introduction  to  Section  8. 

In  a related  action,  SAI  has  developed  and  tested  at  NTC  I-ALPHA  a 
filter  designed  to  pass  only  meaningful  ground-player  range  change  measure- 
ments ( in  terms  of  the  required  accuracy  needed  for  ground-players  posi- 
tions of  +25  m)  into  the  state  estimation  functions.  Simply  stated,  this 
filter  will  screen  out  all  range  measurements  coming  from  the  RDMS  which 
result  in  less  than  a 16m  change  in  range  from  the  estimated  current  posi- 
tion. This  screening  filter  significantly  reduces  the  state  estimation 
processing  load  associated  with  ground  players  since  a large  percentage  of 
the  range  measurements  are  insignificant  and,  therefore,  do  not  need  to  be 
processed  (i.e.,  they  will  not  contribute  a large  enough  change  in  range  to 
justify  updating  the  player's  position  estimate). 


8.3  PROPOSED  SYSTEM  CONFIGURATION 


The  proposed  Phase  I instrumentation  system  architecture  is 
Pigure  P-4.  The  system  has  been  grouped  into  three  malor  subsystems  (PDMS, 
CIS,  and  R«CS).  Separate  functions  have  been  allocated  to  each  subsystem 
to  the  ertent  that  functional  and  physical  interfaces  between  subsystems 
are  simple  and  straightforward  (Figure  8-5).  The  digital  interface  between 
the  BDMS  and  CIS  was  successfully  demonstrated  during  HTC  I-ALPHA.  For  OTC 
I-ALPHA,  this  interface  may  change  in  that  range  pair  data  will  be 
mitted  across  this  Interface  Instead  of  position  data  as  in  the  case  of  the 
STC  I-hLPHA  test  (i.e.,  no  computational  component  is  anticipated  in  the 
me  I-SIPHA  ROMS  configuration).  This  change  will  not  materially  alter  the 
BDMS-CIS  interface,  since  data  formats  can  be  defined  based  on  well  known 
RPMS  capabilities,  and  the  physical  interface  can  be  implemented  using 
standard  off-the-shelf  inter-computer  communications  equipment. 


in  summary,  the  following  key  attributes  were  Incorporated  into  the 
refined  CIS  desigrn: 


• Meets  NTC  I-ALPHA  cost  and  schedule  targets 

. Provides  essential  capability  levels  in  all  functional  areas 

. provides  high  system  availability  and  graceful  performance 
degradation 

• incorporates  low-risk  and  cost-position  location  system 

• Provides  integrated  software/data  base  design  concept 

. Provides  distributed  state-of-the-art  mini-computer  graphics 
and  input/output  control  hierarchy 


. provides  capability  for  multi-media  and  near-real-time  train- 
ing  feedback 

. incorporates  developmental  test  bed  design  to 

development  needs  without  Interfering  with  essential  training 

mission 

• Allows  for  growth  flexibility  and  evolutionary  enhancements; 
nearly  all  Phase  I investments  in  hardware  and  software  are 
Kifk  for  NTC  Phase  II. 


NT 

INSTfl 


DIGITAL 

INTERFACE 

COMPONENT 


— 

INSTRUMENTATION 

SUBSYTEM 

DISPLAY  ANO 
CONTROL 
COMPONENT 


PROCESSES  ALL 
DIGITAL  DATA  INPUT 
TO  CIS 

DATA  FORMATTING 
AND  STORAGE 

PROVIDES  digital 
COMMO  BETWEEN  CIS 
AND  RDMSiRMCS 
COMPONEN'S 


COMPUTATIONAL 

COMPONENT 


• PLAYER  STATE 
ESTIMATION 


VOICE/VIDEO 
EDITING  CONTROL 
COMPONENT 


• RECORDING  VOICE 
& VIDEO  DATA 


• RTCA 

• BATTLE 
SIMULATION 

• COMPUTE  REALTIME 
training  FEEDBACK 
STATISTICS 


• REVIEW  & EDIT 

• SYNTHESIS  & 
PRESENT  VOICE  J 
VIDEO  DATA  TO 
SUPPORT  AARs 


I 

FIELD  TRAINING 
FEEDBACK 
COMPONENT 


PRESENT  FIELD  AF'ER 
ACTION  REVIEWS  'AARl 

':riTIOUE  PERFORM. 
ANCE  AND  RESPOND  TO 
OUESTIONS 

CONTROL  DISPLAY 
MATERIAL  REAL  TIMEi 
BY  directing  CIS 
DISPLAY  GENERATION 

VIA  range  com 

MUNICATIONS 
COMPONENT  LINKS 


EXERCISE 
MONITORING  & 
CONTROL  (EMC) 


• MONITORING  AND 
CONTROL  ENGAGE 
MENT  EXERCISE 
OPERATIONS 

• DIRECT  FIELD 
CONTROLLERS 

• COMMAND  & 
CONTROL  OPFOR 

• COMMAND  & 
CONTROL  LIVE 
FIRE  RANGE 


TRAINING  ANALYSIS 
I & FEEDBACK  (TAR( 


• COMPUTE  REAL 
TIME  MEASURES  OF 
EFFECTIVENESS' 

performance 

• MONITOR  EXERCISE 
FROM  A TRAINING 
PERSPECTIVE 

• RECORD  KEY 
TRAINING 
OBSERVATION 

• SYNTHESIZE  ANO 
PRESENT  AARs 

• PREPARE  take 
HOME  PACKAGES 


I 


COMMAND  BATTLE 
SIMULATION  (CBS) 


INTERACTIVE 
COMMAND  AND 
CONTROL  OF  BATTLE 
SIMULATION 

ROLE  PLAY  KEY 
HUMAN  interfaces  TO 
COMMAND  STAFFS 
BEING  EXERCISED 

MONITOR  ANO 
RECORD  KEY  TRAINING 
OBSERVATION 

synthesize  ANO 
PRESENT  COMMAND 
STAFF  AARs 


1 


EXPERIMENTAL 
TEST  BED  (ETB) 


• SYNTHESIS  AND 
VALIDATION  OF  NEW 
training  TECHNIQUES' 
CONCEPTS 

• SYNTHESIS  AND 
VALIDATION  OF  NEW 
doctrine  and  TACTICS 

• VALIDATION  OF 
CD  S TD  MODELS 

• SYNTHESIS  AND 

validate  new  NTC 

DISPLAY  AND  CONTROL 
CONCEPTS 

• INTEGRATE 


RA 

MEA 

SU 


FACILITY 

COMPONENT 


• PROVIDE  PHYSICAL 
SECURITY 

• PROVIDE 
OPERATIONAL 
EN  V I RON  M ENT 

• PROVIDE 
PERSONNEL 
PACiLITIES 


I — 

TRACKING  ANO 
COMMUNICATICN 
COMPONENT 


• COMPL 
POSITK 
DATA  T 

• RELAYl 
BETWE 
AND  Cl 

• PROVIC 
THETC 




— n 

MASTER  CONTROL 
COMPONENT 

GROUND 

INTERROGATOR 

COMPONENT 

• COMMANDS  & CONTROLS  • DIGITAL  COMM  LINK 

THE  OPERATION  OF  FROM  MASTER  TO 

GROUND  INTERROGATORS  TRANSPONDER 

• COMPUTES  RANGE  • INTERROGATES 

PAIRS  BETWEEN  INTER  TRANSPONDER  TO  01 

ROGATOR  & TRANSPONDER  RANGE  MEASUREMEf 

COMPONENTS 


• TRANSMIT  RANGE  AND 
EVENT  MESSAGES  TO  CIS 


* FUTURE  GROWTH  OPTION 


NTC  PHASE  I INSTRUM 


NTC  PHASE  I 
INSTRUMENTATION 
SYSTEM 


RANGE 

RANGE  DATA 

MONITORING  ANU 

MEASUREMENT 

CONTROL 

SUBSYSTEM 

SUBSYSTEM 

RACKING  AND 

>MMUNICATICN 

COMPONENT 


COMPUTATIONAL 

COMPONENT 


PLAYER  UNIT 
COMPONENT 


RANGE 

COMMUNICATIONS 

COMPONENT 


SPECTRUM 

ANALYZER 

COMPONENT 


LIVE  FIRE 
COMPONENT 


VIDEO  RECORDING 
COMPONENT 


• COMPUTES  PLAYER 
POSITION  AND  TRANSMITS 
DATA  TO  THE  CIS 

• RELAYS  DIGITAL  DATA 
BETWEEN  PLAYER  UNITS 
AND  CIS 

• PROVIDES  CONTROL  FOR 
THE  TCC  central  STATION 


TRANSMIT  DIGITAL 
DATA  BETWEEN  CIS  & 
THE  SPECTRUM 

analyzer,  live  fire 
AND  field  training 
FEEDBACK 
COMPONENTS 

TRANSMIT  VOICE 
(COMMO)  BETWEEN  CIS 
AND  ALL  RMCS 
COMPONENTS  EXCEPT 
SPECTRUM  analyzer 

TRANSMIT  VIDEO 
BETWEEN  CIS  AND  VRC 
AND  FTFC 


MONITOR  ASSIGNED 
FREOUENCY  range 
AT  ASSIGNED  RATE 

RECORD  S transmit 
TO  CIS  THE  TIME  AND 
FREOUENCY  OF  ALL 
TRANSMISSIONS 
EXCEEDING  SET 

thresholds 


SIMULATE  OPFOR 
TARGET  ARRAYS 
/SCENARIO 

CONTROL  TARGET 
DISPLAYS 

GENERATE  LIVE  FIRE 
EFFECT  CUES 

RECORDS^  RELIVE 
FIRE  F,L  • j AND 
TRANSM,  )CIS 


MODIFY  OPERATING 
PARAMETERS  (FREQ, 
RANGE,  sampling  RATE 
& THRESHOLDS)  AS 
DIRECTED  BY  CIS 


RECORD  ES  BE’V/EEN 
BLUEFOR  AND  OPFOR 

RECORD  BLUEFOR  TOC 
SITUATION  ASSESS 
MENT  MAPS 

TRANSMIT  VIDEO  TO 
CIS  VIA  RCS 

RESPOND  TO  CONTROL 
DIRECTION  FROM  CIS 


S • DIGITAL  COMM  LINK 
FROM  MASTER  TO 
IS  TRANSPONDER 


• RESPONDS  TO  SIGNALS 
FROM  INTERROGATOR 

• SENDS  AND  RECEIVES 
DIGITAL  MESSAGES 

• PROVIDES  INTERFACE 
WITH  WES  COMPONENT 


• INTERROGATES 
TRANSPONDER  TO  OBTAIN 
lER  RANGE  MEASUREMENT 


SIMULATES  DIRECT  FIRE 
WEAPON  FIRING  CUES 

SIMULATES  DIRECT  FIRE 
WEAPON  EFFECT  CUES 

COMPUTES  DIRECT  FIRE 
WEAPON  CASUALTY/ 
DAMAGE 


• GENERATES  WEAPON 
ENGAGEMENT  EVENTS 
MESSAGES 


FIELD  CONTROLLER 
COMPONENT 


• MAINTAIN  RULES  OF 
ENGAGEMENT 

• IMPLEMENT  RANGE 
SAFETY 

• implement  INDIRECT 
FIRE  casualty/ 
EFFECTS  (CUES) 

• OBSERVE,  RECORD  & 
transmit  BLUEFOR 
ENGAGEMENT  EVENTS 
TO  CIS 


OPPOSING 
FORCE (OPFOR) 
COMPONENT 


• SIMULATE  ALL 
OPERATIONS  OF 
OPPOSING  FORCE 
(C^,  MANEUVER. 

FIRE,  ETC  I 

• OBSERVE,  RECORD  & 
TRANSMIT  BLUEFOR 
ENGAGEMENT  EVENTS 
TO  CIS 

• IMPLEMENT  OPFOR 
TRAINING  SCENARIO 
(A  PRIOR/REAL  TIME) 


OPTION 


Figure  8-4. 

4ASE  I INSTRUMENTATION  SYSTEM  ARCHITECTUFiE 


/ 


I 


V 


..awiaL'-' 


Figure  8-i*.  NTC  instrur>ientation  System  Interfaces 


8.4  HUMAN  FACTORS  CONSIDERATIONS 

Concurrent  with  the  NTC  I“ALPHA  in— plant  and  on— site  training  progxani'^ 
at  Fort  Irwin,  SAI  conducted  an  informal  evsli;>\tion  of  ■Operator  task  and 
performcince  time  requirements  to  determine  it  the  physical  and  functional 
design  of  the  CIS  control  and  display  systems  met  required  human  factor 
standards.  This  evaluation  was  conducted  in  coordination  with  FACC  per- 
sonnel and  incorporated  feedback  from  training  instructors  and  Army  studen.. 
operators.  The  major  areas  of  evaluation  included; 

• Ease  of  system  operation 

• Operator  task  loading 

• Operator  skill  level  requirements 

• Functional  efficiency  and  compatibility  of  systems  from  human 
factors  perspective. 

Detailed  findings  from  this  effort  were  provided  in  the  NTC  I-ALPHA  Final 
Report  dated  20  May  1980.  Additional  observations  also  were  provided  in 
the  SAI  NTC  I-ALPHA  Special  Technical  Report,  CIS  Operations,  Training  a:  \ 
Manning,  dated  June  1980.  More  importantly,  all  human  factors  findings  aud 
observations  contained  in  these  reports  were  carefully  examined  and  con- 
sidered in  the  revised  cy.S  design. 

8.5  RELIABILITY,  AVAIIJ^ILITY,  AND  MAINTAINABILITY  ASSESSMENT  (RAM) 

Another  significant  task  in  developing  a refined  CIS  design  based  on 
the  NTC  I-ALPHA  experience  was  a detailed  RAM  assessment  of  both  the  IOC 
and  subsequent  full-up  CIS  hardware  configurations.  The  analysis  conducted 
by  SAI  (presented  in  section  3.2.3  of  the  Special  Technical  Report)  com- 
puted the  mean  time  before  failure  (MTBF)  for  each  of  the  major  components 
making  up  the  CIS  hardware  configuration.  MTBF  values  for  each  hardware 
element  were  provided,  along  with  the  source  of  the  estimates.  In  addi- 
tion, aggregate  MTBF  were  provided  for  various  IOC  CIS  configuration 
assumptions.  The  bottom  line  of  our  RAM  analysis  is  that  the  proposed  IOC 


and  full-up  CIS  configurations  are  highly  reliable.  Moreover/  both  con- 
figurations meet  the  required  availability  if  one  assvimes  that  only  fully 
redundant  elements  of  the  system  may  fail  before  impacting  real-time 
operations. 

8.6  CIS  FACILITY  DESIGN 


Figure  8-6  presents  SAI's  candidate  NTC  I-ALPHA  CIS  facility  design 
which  has  been  adapted  by  the  Army. 

The  proposed  facility  has  five  operations  centers:  two  combined 
EMC/TAF  operations  centers  (one  each  for  each  BTF) , an  ETB  operations 
center,  a VRS/VDRS  operations  center,  and  a CBS  operations  center.  Also 
included  is  an  AAR  theater  with  seating  capacity  for  approximately  fifty 
people  and  a VIP  observation  gallery,  seating  fifteen.  After-action 
reviews  may  be  controlled  from  either  of  the  EMC/TAF  operations  centers, 
where  windows  are  provided  so  the  controllers  can  see  bc*th  the  large-screen 
display  as  well  as  the  briefer.  Finally,  the  facility  provides  office  and 
other  personnel  support  facilities. 

Figure  8-7  shows  the  proposed  configuration  and  layout  for  the  EMC/TAF 
operations  centers.  This  layout  is  based  on  feedback  from,  our  NTC  I-ALPHA 
experience,  combined  with  subsequent  timeline  and  operational  analyses.  It 
should  be  noted  that  our  design  provides  for  identical,  independent  con- 
troller stations  with  identical  functional  capabilities.  Because  of  this 
design  flexibility,  stations  and  personnel  may  be  realloceited  in  real  time 
in  order  to  meet  the  particular  operational  demands  of  the  moment. 

As  shown,  eight  functionally  identical  stations  are  provided  to  cover 
both  EMC  and  TAF  functions  for  a single  BTF  (there  will  be  two  such  centers 
in  the  full-up  CIS  facility) . The  four  stations  on  the  left-hand  side  are 
nominally  allocated  to  EMC  functions  whereas  the  four  right-hand  stations 
cover  TAF  functions.  EMC  functions  are  those  associated  with  creating  and 
maintaining  the  BLUEFOR  training  environment  while  TAF  functions  are 
responsible  for  observing  the  performance  of  the  BLUEFOR  with  the  intent  of 
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Figure  8-6.  CIS  Facility  Floor  Plan 
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Figure  8-7.  EMC/TAF  Operations  Center  Layout  and  Operational  Personnel  Allocations 
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identifyinq,  defining,  and  presenting  key  training  points  to  the  BLUEFOR  in 
a timely  and  effective  manner. 

Figure  8-8  presents  a candidate  layout  for  the  ETB  operations  center. 
The  allocation  of  personnel  and  functions  is  tentative  at  this  time  since 
ETB  requirements  have  not  been  fully  defined.  In  general,  the  left-hand 
stations  are  allocated  to  training  developments  while  the  right-hand  sta- 
tions perform  combat  develoments  functions. 

Figure  8-9  presents  SAI ' s recommended  layout  of  the  CBS  operations 
center.  As  shown,  there  are  fovir  maneuver  control  stations  (two  for  each 
notional  BTFs).  The  remaining  four  stations  are  allocated  to  fire  support, 
administration  log,  division  operations,  and  OPFOR  operations.  The  divi- 
sion operations  stations  will  be  directed  by  the  command  battle  simulation 
officer  (CBSO),  who  will  be  responsible  for  all  real-time  CBS  operations. 

Figure  8-10  presents  the  layout  and  configuration  of  the  recommended 
standard  CIS  controller  station.  All  stations  are  functionally  identical 
in  terms  of  hardware  as  well  as  software  capabilities.  As  a result,  any 
station  in  the  CIS  facility  may  be  assigned  any  display  and  control  func- 
tion. 

The  main  theater  area  provides  seating  for  approximately  fifty  people. 
At  the  rear  of  the  theater,  a VIP  observation  gallery  which  will  seat 
fifteen  is  also  proposed.  Three  color  monitors,  mounted  overhead,  are 
provided  in  this  area  to  augment  the  large-screen  display. 

8.7  SYSTEM  INITIALIZATION  AND  STATUS  ASSESSMENT 


Based  on  the  experience  from  NTC  I-ALPHA,  it  is  clear  that  system 
initialization  for  the  NTC  I-ALPHA  environment  has  significant  performance 
implications  to  the  overall  cost  effectiveness  of  the  National  Training 
Center.  Accordingly,  SAI  has  undertaken  to  automate  system  and  subsystem 
startup  and  status  procedures  consistent  with  the  NTC  I-ALPHA  effort. 
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Figure  8-9.  ETB  Opertions  Center  Layout  and  Operational  Personnel  Allocations 
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Included  in  this  effort  are  design  considerations  for  the  following  sub- 
systems: CIS  core  initialization  and  status,  PLS  WES  initialization  and 
status,  spectrum  analysis  initialization  and  status,  and  player  equipment 


initialization  and  status.  Live-fire  support  can  be  added  in  subsequent 
efforts  as  determined  by  the  Army. 

8.7.1  CIS  Initialization  Concept 

Prior  to  each  engagement  simulation,  an  initialization  phase  will 
occur  in  the  CIS  internal  system.  One  or  more  CIS  operators  will  modify  or 
create,  as  appropriate,  a new  unit  orgzmization  and  enter  control  measure 
graphics  for  the  exercise  scenario.  The  operator,  via  an  interactive  menu, 
enters  the  appropriate  echelon  organization,  including  battalion,  assigned 
companies,  and  platoons,  and,  if  applicable,  selected  squads.  In  addition 
to  setting  up  this  hierarchical  orgzmizational  structure,  task  forces  and 
company  tccuns  may  be  entered.  The  implication  for  organizational  entries 
manifests  itself  in  the  statistical  and  graphical  presentations  during 
real-time  operations.  The  battle  can  be  viewed  as  a set  of  organizational 
elements,  displayed  by  echelon  symbols  (FM101-5-1),  and  particular  selected 
units  (Company  A,  Platoons  2 and  3)  can  be  presented  by  individual  vehicle 
symbols.  Statistical  displays  will  present  data  orgemized  by  the  hierarchy 
set  up  during  initialization. 

8.7.2  PLS  WES  Initialization  Concept 

Concurrent  to  internal  CIS  initialization,  '.he  position  location 
subsystem  and  the  weapon  engagement  subsystem  initialization  will  be 
supported  via  an  interactive  menu  system.  The  PLS  B-units  can  be  quickly 
checked  out  with  automated  support.  All  B units  not  responding  or  with 
anomalous  results  can  be  identified  for  repair  or  replacement.  Similarly, 
the  WES  systems  will  be  checklisted  through  a standard  startup  procedure 
with  automated  support  provided  by  the  CIS  system.  All  inoperable  weapons 
can  be  readily  identified.  Sensor  testing  also  will  be  supported  by  having 
each  sensor  checklisted  against  controller  guns  or  operational  WES  weapons. 


The  statistical  displays  at  each  station  within  the  CIS  will  support  this 
pha.-'d  of  initialization  by  providing  a urrent  list  of  equipment  status. 

All  PL  stations  will  be  polled  for  operational  status.  As  A stations 
fail  to  respond  during  normal  operations,  an  alert  will  be  sent  to  all 
statistical  terminals.  A status  assessment  menu  will  be  provided  for 
detailed  PLS  A station  verification. 

8.7.3  Spectrum  Analysis  Initialization  Concept 

The  major  initialization  tasks  for  spectrum  analysis  include  identi- 
fication of  individual  emitters,  their  associated  frequency  rignatures  and 
a specification  of  high  risk  or  critical  frequencies.  Once  these  data  are 
entered  for  each  emitter,  it  remains  static.  However,  the  assignments  of 
emitters  to  PL  instrumented  player  is  more  dynamic.  As  assignments  are 
changed  (i.e.,  because  of  radio  replacement),  the  CIS  data  base  must  be 
updated.  An  interactive  menu  will  be  provided  for  emitter  identification, 
associated  signatures,  and  vehicle  or  player  assignment. 
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SECTION  9 


REFINED  TRAINING  REQUIREMENTS 

The  NTC  I-ALPHA  to  Phase  I Transitional  Operational  Training  Plan 
(OTP)  examines  all  NTC  braining  requirements.  However,  it  was  determined 
early  within  the  interim  contract  that  a more  in-depth  look  at  non-core 
instrumentation  subsystem  and  voice/video  control  and  editing  component 
personnel  was  warranted. 

Accordingly,  SAI  has  prepared  an  analysis  of  non-CIS/WCEC  personnel 
training  requirements  which  discusses:  1)  job,  personnel  staffing,  and 

training  requirements;  2)  logical  source  suppliers  of  training;  3)  course 
description  and  objectives;  4)  instructor  requirements;  5)  number  of 
personnel  to  be  trained;  and  (6)  estimated  course  lengths  and  hours  of 
course  development  required  for  the  following  non-CIS/WCEC  areas: 

• Field  Controller  (Non-CIS  and  Role  Player)  Field  Training 

• Field  Controller  CIS  and  Role  Player  Training 

• Field  Video  Team  Component  Personnel  Training 

• Field  Training  and  Feedback  Component  (FTFC  Personnel  Train- 
ing) 

• Spectrum  Management,  Evaluation,  and  Control  Subsystem  Per- 
sonnel Training 

• Range  Data  Measurement  Subsystem  Personnel  Training 

o Range  Management  and  Communications  Subsystem  Personnel 
Training 

• Opposing  Force  CIS  Interface  Training 

Further  details  on  this  analysis  are  contained  in  the  special  tech- 
nical report  submitted  in  Januai-y  1981. 


SECTION  10 


COMMAND  BATTLE  SIMULATION 


One  objective  of  the  NTC  is  to  create  command,  control,  and  communi- 
cations (C^)  realism  for  the  BTF  and  BDE  command  groups  (commanders  and 
their  staff)  being  exercised  at  the  NTC.  In  real  combat,  the  commander  and 
his  staff  interact  with  subordinate  commanders  in  the  fxeld,  adjacent 
command  groups,  and  superior  command  groups  as  well  as  a variety  of  com’-at 
and  combat  service  support  elements.  The  proficiency  of  these  command 
interactions  can  play  a major,  if  not  dominant,  role  in  de  rmining  the 
overall  combat  effectiveness  of  the  combined  arms  team. 

2 

Recognizing  the  importance  of  C , the  Army  plans  to  expand  the  NTC 
system  to  provide  the  means  to  train  BTF  and  BDE  command  groups  in  a real- 
istic combat  mode.  This  capability  will  be  provided  within  the  CBS  func- 
tion by  means  of  role  players  interacting  through  controllers  with  a real- 
time, freeplay,  two-sided  battle  simulation.  Tne  battle  simulator  models 
all  combat  operations  to  a level  of  detail  needed  accurately  to  reflect  the 
conseq[uences  of  decisions  made  within  the  BDE  and  BTF  command  groups.  In 
addition,  the  CBS  function  will  provide  the  means  to  contrcl  a simulated 
OPFOR  independently  in  a real-time  action-response  manner  (i.e.,  BLUEFOR 
command  groups  are  opposed  by  trained  and  responsive  OPFOR) . 

As  currently  conceived,  the  CBS  will  encompass  nil  ba". v.le  simulation 
functions  as  well  as  the  means  to  initialize  CBS  data  basis®,  interactively 
control  the  simulation,  feedback  the  battle  situation  to  rr  le  players,  and 
record  battle  simulation  history  data  for  after-action  reviews. 

To  facilitate  early  integration  of  the  CBS  function  into  the  NTC,  SAI 
has  analyzed  and  identified  CBS  functional  requirements  to  the  fifth  level 
of  detail.  Our  special  technical  report,  submitted  in  November  1980,  sig- 
nificantly expands  on  the  CBS  component  that  was  originally  discussed  in 
the  Report  of  Findings  on  the  NTC,  published  by  SAI  in  December  1978.  In 
that  report,  CBS  was  called  notional  battle  simulation  component.  The 
latest  report  provides  the  basis  for  the  detailed  CBS  software  deSivt.  when 
that  task  is  activated. 

/jl— 
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SECTION  11 


I 


FINDINGS  AND  CONCLUSIONS 


11.1  SUMMARY  OF  FINDINGS  AND  CONCLUSIONS 


Realistic  combined-arms  training  is  a central  Army  rec[uirement;  one 
that,  if  neglected,  threatens  losses  beyond  ar^-  table  limits.  The  compre- 
hensive NTC  development  program  represents  a or  commitment  by  the  Army 
to  satisfy  that  requirement  for  its  armored  and  mechanized  forces.  The 
objective  of  SAI's  tasks  was  to  assist  the  Army  in  achieving  an  early  NTC 
operational  capability  with  minimum  technical,  schedule,  and  cost  risks. 
This  objective  has  been  achieved.  When  fully  operational,  the  experiential 
learning  and  evaluation  environment  which  the  NTC  will  provide  has  the 
potential  to  raise  the  level  of  unit  tactical  effectiveness  to  a point 
never  before  achieved  in  peacetime.  Several  unique  attributes  of  the  NTC 
support  this  conclusion: 


• Its  size  and  location  (away  from  civilian  communities)  will 
permit  the  unrestricted  exercise  of  battalion  task  forces  and 
a wide  array  of  supporting  tactical  systems. 

• Its  application  of  advanced  technology  devices  such  as  lasers, 
computers,  position  location  systems,  and  munition  simulators 
will  create  a near— combat  environment  for  experiential  learn- 
ing. 

• Its  one-of-a-type  nature  also  will  permit  the  development  of 
skillful  and  dedicated  opposing  force,  the  stationing  of  heavy 
equipment  modified  to  meet  NTC  needs,  the  deployment  of 
special  communications,  and  the  employment  of  highly  selected 
controllers  and  training  personnel. 

• Its  carefully  designed  computer  systems  will  captijire  and 
retain  data  that  can  be  used  to; 

Assess  training  effectiveness, 

- Assist  in  reviewing  doctrine  and  readiness. 

Aid  in  weapons  analyses  and  modeling, 

- Provide  follow-on  remedial  training,  and 

- Measure  the  degree  of  experiential  learning. 
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The  paragraphs  which  follow  sxmmarize  the  major  conclusions  derived 
from  the  NTC  Baseline  Analyses,  the  NTC  I-ALPHA  program,  and  the  Phase  I 
transitional  period.  In  addition,  findings  are  provided  related  to  program 
difficulties  that  SAI  encountered. 


11.2  NTC  BASELINE  ANALYSIS 


The  initial  NTC  baseline  analysis  conducted  by  SAI  was  an  essential 
step  in  establishing  a framework  for  an  early  operational  capability  of  the 
NTC  by  TRADOC.  SAI's  detailed  functional  analysis,  carried  out  to  the 
fourth  level  of  detail,  defined  for  the  first  time  NTC  system  functions  and 
interfaces.  Moreover,  it  provided  the  first  comprehensive  specification  of 
functional  requirements,  which  with  only  minor  refinements,  have  proven 
valid  in  subsequent  development  stages. 


The  concept,  developed  during  the  baseline  analyses,  of  using  off-the- 
shelf  technology  for  NTC  I-ALPHA  has  proven  sound  and  will  allow  the  Army 
to  attain  an  early  operational  capability  with  minimum  risks. 

11.3  NTC  I-ALPHA 


The  NTC  I-ALPHA  program  has  validated  SAI's  design  of  the  core  in- 
strumentation system.  Specifically,  the  program  successfully  accomplished 
the  following: 


• Demonstrated  a prototype  SAI  core  instrumentation  subsystem, 
including  exercise  management  and  control  and  trainiing 
analysis  and  feedback  functions,  and  displays  in  an  inter- 
active mode  with  troops.  Selected  video  and  voice  recording 
hardware  also  were  integrated. 

• Demonstrated  a distributed,  direct-fire,  real-time  casualty 
assessment,  engagement— simulation  system  using  the  multiple 
integrated  laser  engagement  system  engagement  simulation 
system,  interfaced  with  position  locating  and  event  recording. 

• Demonstrated  a basic  method  of  indirect  fire  casualty  as- 
sessment that  combined  computer- stored  location  data  and  field 
controller/fire  markers. 
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• Demonstrated  the  feasibility  of  SAI's  interface  between  the 
CIS  and  RMS  2,  a representative  multilateration  position 
locating  system  for  ground  tactical  vehicles. 

• Demonstrated  a flexible  SAI  system  for  data  collection  that 
can  be  manipulated  to  display  selected  MOE/MOP  for  after- 
action reviews. 

• Provided  valuable  experience  in  EMC  and  TAF  functioning  and 
insights  for  future  operator  training  requirements. 

• Pj-Qvided  valuable  experience  with  the  field  controller 
structure  and  its  interface  with  the  core  instrumentation. 


11.4  PHASE  I TRANSITION 

The  transitional  concept  of  dividing  the  NTC  instrumentation  system 
into  three  major  subsystems/  range  data  measurement,  core  instrumentation, 
and  range  monitoring  and  control,  will  minimize  the  complexity  of  sub- 
systems interfaces  during  Phase  I development. 

The  Phase  I transitional  design  provides  for  the  recovery  of  the 
software  developed  for  the  Army  during  the  NTC  I-ALPHA  program.  This 
consists  of  over  40,000  lines  of  source  code,  approximately  90%  FORTRAN  IV. 

SAI's  detailed  analysis  and  definition  of  requirements  to  support 
Phase  I design  and  operator  training  incorporate  the  significant  lessons 
learned  from  the  NTC  I-ALPHA  program  and  provide  for  an  orderly,  evolu- 
tionary growth  of  NTC  capabilities. 


11.5  DIFFICULTIES  ENCOUNTERED 


Aside  from  the  problems  normally  associated  with  a development  program 
of  the  scope  and  complexity  of  the  NTC,  other  significant  difficulties  were 
encoxintered,  the  most  important  of  which  related  to  funding. 

From  the  SAI  perspective,  the  difficulties  frequently  expet  enced 
in  identifying  and  obliga,ing  funds  to  support  NTC  develoixnent  resulted  in 
a "stop  and  start"  effect  that  threatened  program  continuity  nd  momentum. 
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On  several  occasions,  for  example,  SAI  was  faced  with  the  prospect  of 
diverting  its  NTC  technical  and  management  staff  to  other  projects  because 
of  funding  uncertainties.  However,  most  key  personnel  were  retained,  at  a 
considerable  risk,  until  funding  issues  were  resolved. 

Another  related  difficulty  was  caused  by  the  reiterated  requirement  to 
keep  costs  at  a minimum.  This  resulted  in  employing  fewer  people  to  work 
on  solving  problems,  restrictions  on  the  types  of  expertise  routinely 
available,  and  limited  hardware  options.  While  the  NTC  will  reach  IOC  very 
close  to  schedule,  SAI  believes  that  an  initial  higher  level  of  funding 
could  have  avoided  many  of  the  constraints  encountered  in  the  development 
and  would  in  the  long-run  have  reduced  costs. 

In  another  vein,  several  coordination  and  management  difficulties  were 
encountered  during  the  NTC  I-ALPHA  program  because  of  the  co-equal  status 
of  participating  contractors,  SAI,  FACC,  and  GDE.  While  every  effort  was 
made  to  minimize  such  difficulties,  a prime-subcontractor  relationship 
would  have  been  more  effective  and  would  have  reduced  the  burden  on  the 
Army  program  manager. 

The  remote  location,  austere  envircnmt'nt , and  climatology  of  F rt 
Irwin  can  be  a significant  challenge  to  the  ingenuity  and  capabilities  of 
all  concerned.  The  impact  of  these  factors  on  Phase  I planning  must  be 
thoroughly  addressed  (see  NTC  I-ALPHA  Final  Report  dated  20  May  1980). 

The  NTC  I-ALPHA  program  was  extraordinarily  c’mbitious  in  teims  of  the 
time  allotted  to  the  following  critical  activities; 

• Software  Development, 

• Hardware  Procurement, 

• Systems  Integration  and  Testing, 

• Software  Application  and  Testing,  and 

• Operator  Training. 
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As  a result,  all  these  activities  were  conducted  essentially  in  parallel. 
The  net  effect  was  unnecessary  program  risk  and  turbulence.  Operator 
training,  in  particular,  was  seriously  affected  by  the  schedule  con- 
straints. To  be  meaningful,  such  training  should  be  conducted  only  after 
the  other  critical  activities  are  completed. 

The  need  for  a definitive  set  of  measures  of  effectiveness  and  measur- 
es of  performance  has  not  been  fully  satisfied.  As  a result,  SAI  related 
software  and  display  tasks  remain  undefined.  This  situation  will  create 
further  difficulties  in  the  Phase  I development  process  unless  a concensus 
is  reached  in  the  near  future. 

11.6  FUTURE  TASKS 

Looking  ahead,  the  most  salient  feature  of  the  NTC  will  be  its  evolu- 
tionary grow^^h.  The  basic  objective  which  the  NTC  must  meet  is  to  provide 
a realistic  combat  environment  for  training.  To  accomplish  its  purpose, 
NTC  capabilities  must  evolve  and  change  with  doctrine  and  techniques  of 
warfare.  In  this  process  additional  elements  of  combat  must  be  incorpo- 
rated to  enhance  the  training  environment.  Refinements  must  be  made  also 
to  existing  instrumentation.  Categorized  below  are  future  tasks  which  SAI 
}3Q2.i0VGS  should  be  addir©ss©d  on  & priority  basis* 

11.6.1  Field  Artill©ry 

Indirect  fires  are  already  a part  of  NTC,  but  the  speed,  completeness, 
and  flexibility  of  their  implementation  needs  to  be  improved.  A system 
should  be  considered  which  will  permit  automated  monitoring  of  the  field 
artillery  TACFIRE  system.  In  addition,  further  research  is  required  to 
develop  a suitable  method  for  marking  fires. 

11.6.2  Close  Air  Support 

Use  of  tactical  aircraft,  bot"  fixed  wing  and  rotary  wing,  in  a 
support  role,  is  currently  within  the  state  of  the  art.  It  is  not  inex- 
pensive to  instrument  aircraft,  but  the  training  benefit  should  more  than 

J]l- 
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offset  the  costs.  Realism  in  offensive  or  defensive  operations  will  be 
greatly  affected  by  the  presence  or  absence  of  U.  S.  Army  and  U.  S.  Air 
Force  air  support. 

11.6.3  Electronic  Warfare 


Intelligence  indicates  that  the  Soviets  have  given  major  attention  to 
electronic  warfare,  and  U.  S.  forces  in  the  field  can  expect  to  be  attacked 
by  electronic  means.  EW  training,  in  both  an  offensive  and  defensive  mode, 
will  become  an  important  aspect  of  training  at  Fort  Irwin.  A feasible 
means  of  EW  employment  should  be  excimined  with  an  eye  toward  prompt  appli- 
cation to  the  NTC  progreun. 

11.6.4  Nuclear,  Biological,  Chemical 


Combat  in  the  European  theater  must  be  considered  to  involve  NBC.  The 
Warsaw  Pact  forces  train  seriously  in  both  offensive  and  defensive  NBC 
measures.  Inclusion  of  the  nuclear  and  chemical  facets  of  warfare  should 
be  introduced  relatively  early  in  the  next  phases  of  the  NTC.  The  bio- 
logical training  requirement  remains  undefined. 

11.6.5  Air  Defense 

Realistic  air  defense  training  should  be  introduced  at  the  same  time 
close  air  support  is  introduced  into  the  NTC.  This  will  require  laser 
emitters  and  sensors  (or  other  suitable  means  of  realistic  engagement 
simulation)  on  aircraft  as  well  as  on  the  divisional  air  defense  weapons. 

11.6.6  Mine  Warfare 


Emplacement  and  a breaching  of  mine  fields  is  planned  to  be  a part  of 
the  NTC  training.  Such  operations  are  currently  within  the  state  of  the 
art  and,  depending  on  how  training  is  tailored  for  each  unit,  should  be 
incorporated  into  scenarios.  Commanders  should  have  a "menu"  from  which 
they  will  be  able  to  designate  the  types  of  training  needed  by  their  units. 
Mine  warfare  should  be  included  on  this  menu. 

-JSI- 
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11.6.7  Post-Processing  Training  Analysis 


SAI  has  recommended  a computer  program  that  will  construct  a take-home 
instructional  package.  This  package  will  be  processed  in  an  off-line  mode 
following  termination  of  the  exercise  and  upon  completion  of  the  after- 
action review.  The  preparation  of  this  take-home  package  will  be  linked  to 
the  after-action  review  through  the  exercise  simulation  history  file. 
Specific  MOE  and  MOP  combinations  that  can  be  supported  by  data  from  the 
exercise  simulation  history  file  and  that  answer  selected  essential  ele- 
ments of  analysis  can  be  processed  by  an  off-line  program. 

The  product  of  this  processing  will  be  a take-home  report  that  will  be 
directly  correlated  with  the  after-action  review  and  will  provide  a package 
of  salient  instructional  points  which  can  be  reviewed  (without  special 
equipment)  by  the  unit  at  home  station. 

Examples  of  the  formats  used  for  displaying  data  that  support  the  EEA 
are;  1)  graphs  and  charts,  2)  tables,  3)  lists,  4)  hard  copy  of  graphic 
overlays  for  a particular  map  area,  and  5)  critical  events  that  were  con- 
troller identified.  The  list  is  potentially  much  larger  and  can  be  ex- 
panded as  requirements  increase  and  the  configuration  of  the  t-nke-home 
package  becomes  clarified. 

11.6.8  NTC  Planning  and  Scheduling 


Although  hard  requirements  have  not  been  specified,  the  NTC  Phase  I 
software  design  should  provide  significant  latitude  for  support  of  exercise 
planning  and  scheduling  functions.  For  example,  equipment  and  a vehicle 
maintenance  status  and  available  quantities  of  supplies  (gas,  oil,  ammu- 
nition) can  be  stored  in  an  operational  data  base. 

Such  a resource  management  function  can  be  fully  supported  by  the 
initial  set  of  both  hardware  and  software  (data  base  services,  menu  ser- 
vices, etc.)  recommended  as  part  of  the  IOC  configuration. 


11.6.9  Svmport  Software 


SAI  developed  a number  of  software  development,  maintenance,  and  test- 
ing tools  to  speed  and  simplify  the  program  development  process.  Thej 
should  be  provided  as  part  of  the  Phase  I CIS  configuration. 

• Requirements  Tracing  Module  --  A requirements  tracing  module 
has  been  designed  by  SAI  automatically  to  map  software  re- 
quirements from  high-level  mission  requirements  through  system 
and  software  level  requirements  to  the  actual  code.  This  re- 
quirements data  base  will  provide  extensive  enhanced  require- 
ments analysis  capabilities  and  provide  significant  management 
support  for  trade-off  analysis  and  cost  operational-effective- 
ness analysis. 

• Librarian  — SAI  has  developed  an  automated  source  code 
librarian  for  maintaining  configuration  control  of  software 
products.  The  librarian  is  able  to  track  and  maintain  soft- 
ware products  through  various  versions  and  configurations, 
allowing  the  reconstruction  of  any  version  or  configuration  of 
a program  automatically.  The  librarian  was  desicfned  to  force 
a rigid  configuration  control  system  so  that  a software 
product  may  easily  evolve  to  various  levels  of  capability 
without  the  loss  of  integrity  of  previous  versions. 

• Automatic  Test  Analysis.  Tool  ~ SAI  has  prepared  several 
automated  analysis  tools  for  the  testing  of  software.  One 
such  tool  provides  metrics  on  a number  of  key  software  attri- 
butes (such  as  program  complexity)  to  note  areas  requiring  the 
most  extensive  testing.  Using  such  a tool  avoids  the  re- 
dundant (and  costly)  testing  of  all  areas  of  the  program  to 
the  same  level  of  detail  by  focusing  the  attention  of  system 
integrators  on  those  areas  of  the  program  in  need  of  critical 
review. 


11.6.10  Mobile  Instrvimentation 

As  a spinoff  of  the  NTC  development  programs,  SAI  believes  that  it  is 
feasible  to  develop  mobile,  small-scale  versions  of  NTC  instrumentation 
that  could  be  used  to  enhance  small-unit  training.  Such  systems  could  be 
taken  to  locations  where  active-  and  reserve-component  units  can  train  at 
the  squad,  platoon,  and  company  level.  Other  variations  of  this  concept 
could  be  aimed  at  improving  training  for  the  rapid  deployment  force  and  for 
specialized  training,  such  as  combat  in  cities,  air  landings,  and  river 
crossings . 
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APPENDIX  A 


LIST  OF  ACRONYMS 


After  Action  Review 

ARTEP  Army  Training  Evaluation  Program 


BDE  Brigade 

BLUEFOR  Blue  Force 

BTF  Battalion  Task  Force 


CAS 

CATRADA 

CBI 

CBS 

CBSO 

CC 

CCM 

CIS 

CONUS 


Command,  Control,  and  Communications 
Close  Air  Support 

U.  S.  Army  Combined  Arms  Training  Development  Agency 

Computer  Based  Instruction 

Command  Battle  Simulation 

Command  Battle  Simulation  Officer 

Computational  Component 

Cross  Country  Mobility 

Core  Instrumentation  Subsystem 

Continental  United  States 


DARPA 

DCC 

Die 

DMA 

DTID 


Defense  Advanced  Research  Projects  Agency 
Display  and  Control  Component 
Digital  Interface  Component 
Defense  Mapping  Agency 
Digital  Terrain  Image  Display 


ECAC 


ECR 

I-'I'A 

EMC 

ES 

ETB 


EW 


Electromagnetic  Compatibility  Analysis  Center 
Engineering  Change  Request 
F .'iSential  r’ ements  of  Analysis 
■iercise  Monitoring  and  Control 
Engagement  Simulation 
Experimental  Test  Bed 
Electronic  Warfare 


pp^CC  Ford  Aerospace  and  Communications  Corporation 

FC  Facility  Component 

FORSCOM  U.  S.  Army  Forces  Command 


GDE 


General  Dynamics/Electronics 


I/O 

IFCAS 

IOC 

ISD 


Input/Output 

Indirect  Fire  Casualty  Assessment 
Initial  Operational  Capability 
Instructional  Systems  Development 


LF 


Live  Fire 


MOE 

MOP 

MTBF 


Measures  of  Effectiveness 
Measures  of  Performance 
Mean-Time  Before  Failure 
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NBC 

NTC 

Nuclear,  Biological,  Chemical 

National  Training  Center 

OPFOR 

OTP 

Opposing  Force 

Operational  Training  Plan 

PDR 

PEDAP 

PLS 

Program  Design  Review 

Post-Exercise  Data  Analysis  Process 

Position  Location  Subsystem 

RAM 

ROMS 

RMCS 

RMS 

RTCA 

RTT 

Reliability,  Availability,  and  Maintainability 
Range  Data  Measurement  Subsystem 

Range  Management  and  Communications  Subsystem 
Range  Management  System 

Real-Time  Casualty  Assessment 

Requirements  Tracing  Tool 

Assessment 

SAI 

SDDL 

SMECS 

Science  Applications,  Inc. 

Software  Design  and  Development  Language 

Spectrum  Management,  Evaluation,  and  Control  Subsystem 

TAF 

TMT 

TRADOC 

TSD 

Training  Analysis  and  Feedback 

Test  Management  Tool 

Hq. , U.  S.  Army  Trainina  and  Doctrine  Command 
Test  Support  Driver 

USACDEC 

U.  S.  Army  Combat  Developments  Experimentation 

Command 

VRS 

WCEC 

Voice  Recording  System 

Voice/Video  Control  and  Editing  Component 

WES 

Weapon  Engagement  Simulation 
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SCIENCE  APPLICATIONS.  INC. 


11  June  1981 


TO: 


Distribution  - See  Attached  Sheet 


r>ai 


SUBJECT:  National  Training  Center  Analysis 
Final  Technical  Report 

The  attached  flow  diagram.  Sheet  3,  should  be  substituted  for  the 
corresponding  sheet  in  subject  report,  dated  29  May  1981.  The  original  Sheet  3 
contained  several  omissions  that  have  been  completed  in  the  revised  Sheet  3. 


Sincerely, 


SCIENCE  APPLICATIONS,  INC 


WLLIl 

Assistant  Vice-President 
Training  Systems  and  Analysis 

SAI  NTC  Program  Manager 
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